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ABSTRACT 


Long  range  VHP  transequatorial  propagation  (TEP)  experiments 
between  Greece  and  Southern  Africa  on  34,  40  and  45.1  MHz,  in 
progress  since  1967,  have  an  equinoctial  character  regarding 
occurrence  and  strength.  Studies  of  fading  characteristics 
and  topside  electron  density  profiles  lead  to  the  conclusions 
that  phase  coherent  signals  are  most  likely  at  least  2-hop 
great-circle  F-transmissions,  while  other  afternoon  and  evening 
types,  including  flutter  signal,  which  is  strongly  related  to 
equatorial  spread-F,  are  off  great-circle  supermodes  involving 
two  reflections  from  the  F-layer  without  intermediate  ground 
reflection.  The  transmissions  have  a strong  solar-geophysical 
relationship  with  a close  sunspot  number  dependence.  Correla- 
tion with  sudden  ionospheric  disturbances  indicates  periodic 
solar  dependent  defocussing  of  TEP  signal  by  the  lowei 
ionosphere.  The  combined  effects  of  neutral  winds  and  the 
position  of  the  magnetic  equator  control  seasonal  behaviour. 
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1.  INTRODUCTION 


1 .1  Experimental  Program 

A series  of  long  range  VHP  transequatorial  propagation  (TEP) 
experiments  between  Europe  and  Southern  Africa  began  in  1967.  The  pro- 
gram consists  of  (i)  CW  transmissions  beginning  each  hour  of  the  day  for 
a period  of  five  minutes  from  Athens,  Greece  (lat.  37.7°N,  long„  24.0°E) 
at  34  and  45.1  MHz,  the  signals  being  recorded  at  Roma,  Lesotho  (lat. 

29.7°S,  long.  27,7°E),  (ii)  two-way  pulse  transmission  between  Athens  and 
Roma  at  34  and  45  MHz  (see  acknowledgment  page  (ix)  of  this  Report,  (iii) 
continuous  monitoring  at  Roma  of  the  40  MHz  PM  Police  network  in  Greece, 

(iv)  monitoring  in  Southern  Africa  at  Pretoria  (lat.  26.0°S,  long.  28.2°E) 
and  Port  Elizabeth  (lat.  34.0°S,  long,  25.6°E)  of  the  40  MHz  PM  Police 
network  in  Greece  for  a period  of  one  year,  (v)  continuous  transmissions 
near  14  MHz  from  Tsumeb,  South  West  Africa  (lat.  19.1°S,  long.  17.4°E)  to 
Lindau,  Germany  (lat.  47.3°N,  long.  9.4°E)  and  Lindau  to  Roma,  together 
with  34  MHz  from  Athens  to  Roma,  covering  the  period  of  equatorial  sunset. 

In  Chapter  2 below  attention  is  drawn  to  the  importance  of  moni- 
toring existing  commercial  transmitters.  One  of  the  advantages  is  that 
such  transmitters  usually  operate  on  a reliable,  conservative  schedule  where- 
as research  equipment  tends  to  be  operated  at  the  limit  of  its  performance 
capability.  The  40  MHz  Greek  Police  network  has  this  kind  of  reliability 
and  the  continuous  monitoring  of  that  system  in  Southern  Africa  for  six  years 
has  provided  data  which  would  be  difficult  to  obtain  otherwise.  A disadvan- 
tage of  the  40  MHz  network  is  absence  of  prolonged  signal  of  more  than  a few 
seconds.  This  has  restricted  observations  to  long  term  synoptic  investiga- 
tion of  signal  presence  and  strength.  Por  the  more  detailed  study  of  short 
time  behaviour  such  as  fading  including  the  effect  of  irregularities,  the 
34  and  45.1  MHz  CW  transmissions  from  the  experimental  transmitters  proved 
to  be  of  special  significance.  The  restrictions  here  have  been  due  to 
technical  failure  of  equipment  requiring  careful  logging  of  actual  transmis- 
sion and  reception.  It  was  only  possible  to  operate  the  experimental  equip- 
ment for  two  years. 
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1.2  Transmitting  and  Receiving  Sites 


Fig.  1 shows  the  TEP  paths  joining  the  transmitting  and  receiv- 
ing sites  while  Fig.  2 shows  the  spread  in  latitude  of  the  40  MHz  receiving 


Fig.  1 - European-Southern  African  TEP  Paths 

sites.  The  principal  TEP  circuit  was  from  Athens  to  Roma  which  are  almost 
magnetically  conjugate  and  are  separated  by  a 7490  km  path  nearly  at  right 
angles  to  the  dip  equator. 
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1.3  Instrumentation  and  Data  Collection 


To  record  the  40  MHz  signal  a standard  25-50  MHz  "Sensicon  A" 

FM  Motorola  receiver  is  coupled  to  an  omnidirectional  cardioid  vertical  whip 
antenna  and  Rustrak  chart  recorder.  The  receiver  has  a selectivity  of  + 

30  kHz  t-100  db),  a sensitivity  requiring  less  than  0.4  microvolt  for  20  db 
quieting  and  a frequency  stability  to  + 0.0005%  of  reference  frequency. 

Rustrak  recorders  produce  a trace  on  pressure  sensitive  paper  by 
percussion  action  against  a stylus.  This  type  of  recording  has  limitations. 
A relatively  large  time  constant  of  the  order  of  a second  or  so  causes  damp- 
ing of  signal  level  especially  when  the  signal  itself  is  characteristically 
only  of  the  order  of  a few  seconds  duration.  Typical  Rustrak  recordings 
are  illustrated  in  Chap.  5. 


Fig.  3 — Receiving  Fecility  end  Antenne  Arrengement 


Fig.  3 is  a photograph  of  the  34  and  45.1  MHz  receiving  antennas. 
At  the  top  of  the  mast  is  the  single  4-element  50  ohm  34  MHz  Yagi  with  a 
gain  of  about  6 db  horizontally  polarised.  The  vertically  polarised  twin 
stacked  3-element  Yagis  halfway  up  the  tower  are  45.1  MHz  50  ohm  arrays 
with  a gain  of  8 db.  Both  antenna  systems  feed  Telco  model  SR  twin  channel 
receivers  with  very  low  noise  factor  (less  than  3 db  below  70  MHz).  The 
output  of  each  receiver  is  recorded  by  an  Esterline  Angus  twin  A602C.  This 
system  is  designed  for  continuous  operation  but  is  not  suitable  for  a study 
of  rapidly  varying  characteristics.  For  such  a study  a "Sefram  Rapidgraph" 
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with  a time  constant  less  than  0.02  seconds  and  a range  of  chart  speeds  up 
to  100  mm  s"^  is  employed.  Typical  Sefram  recordings  are  illustrated  in 
Chap.  5.  Signal  strength  was  determined  by  periodic  calibration  against 
a Hewlett  Packard  Model  606A  Signal  generator. 

Two  200  W output-power  base  station  transmitters  coupled  with 
5-element  Yagi  antennas  were  installed  at  the  transmitting  site  in  Athens. 
For  the  experimental  program  transmissions  were  started  at  the  beginning 
of  each  hour  of  the  day  and  continued  for  five  minutes.  For  identifica- 
tion purposes  the  transmissions  were  interrupted  for  one  second  every 
minute  and  were  terminated  by  a series  of  one  second  pulses. 
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2.  REVIEW 


2.1  Synoptic  Observations 

The  first  observations  of  transequatorial  propagation  were  by 
radio  amateurs  during  the  1947-48  solar  maximum.  Signals  at  frequencies 
significantly  above  path  MUFs  and  over  paths  too  long  for  single  hop  trans- 
mission were  received  by  U.S.  and  Mexican  amateurs  from  South  American 
sources  and  by  Northern  Australian  amateurs  from  Hawaiian  and  Asian  sources. 
Notable  among  IGY  amateur  experiments  in  the  Americas,  the  Far  East  and  the 
European-African  region  were  those  reported  by  Cracknell and  Southworth^^^ . 
McCue  and  Fyfe^^^  point  out  in  a review  that  nearly  all  VHF  circuits  longer 
than  1-hop  are  transequatorial  circuits.  Experimental  investigations  of 
such  paths  have  been  made  by  back-scatter  techniques  and  by  forward  propaga- 
tion. Back-scatter  experiments  have  the  advantages  of  a single  experimen- 
tal  site  and  the  opportunity  for  azimuthal  scanning.  Villard  et  al'  ' , 
Dueno^^^  and  Thomas^^^  observed  5000  to  12000  km  ground  range  back-scatter 
echoes  occurring  mainly  during  the  equinoxes  between  1500  and  2100  hours. 
Back-scatter  signals  occur  more  often  at  lower  frequencies,  slant  ranges 
tend  to  be  constant  for  fixed  frequency  and  echoes  have  a lower  occurrence 
probability  than  corresponding  forward  propagation  signals.  Although  forward 
propagation  investigations  require  at  least  two  widely  spaced  experimental 
sites,  they  have  the  added  significance  already  referred  to  over  back-scatter 
observations  of  the  possibility  of  investigating  path  characteristics, 
together  with  simulation  of  potential  commercial  modes. 

Even  monitoring  of  existing  commercial  transmitters  can  produce 
useful  data  difficult  to  obtain  by  other  methods.  Systematic  investigations 
include  monitoring  in  North  Queensland  of  44-48  MHz  Korean  sources  by 
Carman  et  al^®^  and  Gibson-Wilde  and  Carman^®^,  Cracknel  1 and  Whiting's^^^^ 
observations  in  Rhodesia  of  29  MHz  signals  from  Cyprus  and  Nielson' s^^ ^ ^ 

Cook  Islands  recordings  of  54-66  MHz  Hawaiian  transmissions.  Australian- 
Far  Eastern  and  Hawaiian-Cook  Islands  circuits  differ  markedly  in  seasonal 
behaviour;  the  former  have  a complete  absence  of  signal  in  the  June  sol- 
stice while  in  the  latter  case  signal  disappears  in  the  December  solstice. 
Signal  has  highest  occurrence  during  equinoxes  for  both  circuits. 
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The  most  recent  of  the  more  significant  experiments  are  forward 
propagation  projects  involving  experimental  transmitters  and  receivers  at 
several  frequencies.  Washburn  et  al^^^^,  Bowen  et  al^^^^,  Nielson^^^^, 
and  McNamara^^^^  investigating  TEP  paths  in  the  Americas,  Far  East  and 
Pacific  observed  a maximum  frequency  of  102  MHz.  This  latter  frequency 
was  observed  over  a 4800  km  path^^^^  while  frequencies  as  high  as  50 
MHz  have  been  observed  over  an  8000  km  path^®^ 

In  a review  presented  at  the  Fourth  International  Symposium  on 
Equatorial  Aeronomy,  Ibadan,  Nigeria  (1972)  Nielson  and  Crochet^^®^  point 
out  that  the  highest  TEP  frequencies,  apart  from  those  centred  about  the 
equatorial  E^  belt,  are  observed  on  circuits  that  place  all  reflection 
points  in  the  vicinity  of  the  maxima  of  the  equatorial  anomaly.  This  type 
of  reflection  occurs  if  transmitting  and  receiving  sites  are  conjugately 
related  and  lie  1000  km  or  more  northwards  or  southwards  of  the  anomaly 
maxima^^^  or  from  circuits  where  reflection  occurs  at  a single 

anomaly  maximum^^®^. 

High  signal  strengths  have  been  reported  on  most  TEP  circuits 
(12)  (13)  (17)  (19)  (20)^  Carman  et  al^^^^  and  Fyfe^^^^  show  that  signal 
strength  variation  is  similar  to  occurrence  with  maxima  appearing  at  the 
equinoxes.  In  the  30-50  MHz  range  signals  sometimes  approach^^^^  or 
exceed^^*^^  free  space  attenuated  values;  for  example,  for  45.1  MHz 
Carman  et  al^^®^  observed  signal  strength  during  the  September  1970  equi- 
nox many  times  greater  than  the  free  space  attenuated  value. 

2.2  Doppler  and  Time-Delay  Experiments 

Nielson  and  Crochet^^®^  also  discuss  evening  broadening  of  spec- 
tra and  time-delay  profiles  as  distinct  from  daytime  TEP  which  almost  always 
has  a width  less  than  1 to  2 Hz.  The  broadening  at  first  attributed  by 
Osborne^^^^  and  Yeh  and  Villard^^^^  to  substantial  Doppler  shifts  of  some 
propagating  rays  was  subsequently  shown  by  Calvert  et  to  have  a 

filamentary,  often  continuous  power  over  many  hertz.  Examples  of  both 
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/ OC  \ 

kinds  of  broadening  are  shown  in  Fig.  4 taken  from  Davies  and  Chang' 
and  result  from  regions  within  the  equatorial  zone  that  drift  eastwards 
at  about  100  m s”^.  Broadening  up  to  15  or  20  Hz  is  not  uncommon. 
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Fig.  4 — Examples  of  Swoopers,  October  1963  (from  ref.  26) 


Fig.  5 is  an  example  of  similar  observations  of  time  discrete  VHF  spectra 
taken  from  reference  11.  Both  Doppler  and  time  spreads  have  maxima  near 
2000  to  2200  local  time  and  depend  upon  the  presence  of  multiple  ray  paths 
involving  reflections  from  ionospheric  irregularities. 


Fig.  6 - Medlen  end  Quertlle  Values  of  Maximum  Time-Dalay  Spread  for 
Raratonga-Oabu  Path  for  search  1968-36  to  40  MHt  (from 
ref.  Ill 
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Results  from  Nielson's^^^ ^ Oahu-Raratonga  path  appear  in  Figs.  6 
and  7.  He  finds  that  the  major  peaks  in  Fig.  6 move  with  ordered  motion. 
This  together  with  excess  Doppler  spread  near  2200  LMT  indicates  horizontal 
and  downward  motion  of  the  reflecting  surface.  Individual  peaks  correspond 
to  discrete  spatially  separated  patches  apparently  drifting  with  almost  the 
same  velocity.  Here  a patch  is  not  necessarily  the  physical  boundary  of  a 
group  of  smaller  scale  irregularities  but  can  be  thought  of  as  a volume 
through  which  irregularities  drift;  it  may  be  a tilted  front  and  ripples 
in  the  tilt  are  the  irregularities.  Patches  have  short  term  stability  as 
can  be  seen  from  Fig.  8^^^^  which  shows  spectra  selected  at  10  second  and 


Fig.  6 - Multiple  Frequency  Doppler  Spectre  for  2S  Merch  1968  LMT,  taken  or 
Hawaii-fieretonge  Path  (from  ref.  11) 


8 


2 minute  intervals  from  a sequence  taken  at  10  second  intervals.  The  group 
features  remain  almost  constant  over  a 2 minute  interval  even  though  the 
detailed  structure  within  each  group  varies  during  a 10  second  interval. 

As  with  data  obtained  by  other  methods such  as  fixed  frequency  mono- 
static radar  and  HF  flutter,  TEP  data  shows^^^^  that  irregularity  patches 


OFF  PATH  DIST.  - -488  -231  0 163  344  52S  706  887  km 

Fig.  7 - Tttting  the  Ordered  Motion  of  the  Spectra!  Prominencet  Shewn  in  Fig  6 


(from  ref.  16) 


have  dimensions  in  the  range  100  to  1000  km.  The  systematic  frequency 
shift  evident  in  Figs.  6 and  7 together  with  the  short  term  stability  of 
patches  referred  to  above,  lead  to  the  conclusion  that  these  irregularity 
patches  are  important  at  all  frequencies  not  just  at  TEP  frequencies. 


Fig.  8 — Sempiet  of  the  Spectra  of  a 72  MHi  Signal  Propagated  between  Raratonga  and  Hawaii 
(from  ref.  161 
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other  workers have  explored  the  equatorial  ionosphere  at 
sites  remote  from  the  equatorial  zone  using  HF.  Fig.  9 is  an  example  taken 
from  reference  38  which  illustrates  the  existence  of  irregularity  patches 
on  several  off  great-circle  paths  between  Lindau  and  Tsumeb.  Rottger^^^^ 
finds  a median  transverse  size  for  the  patches  of  about  400  km.  In  a 
similar  experiment  between  Valensole  (lat.  43.5°N,  long.  5.6°E)  and 
Grahamstown  (lat.  33.2°S,  long.  26.3°E)  Crochet  also  found 

irregularity  patches  leading  to  off  great-circle  TEP.  Both  workers  ob- 
tained a correlation  between  TEP  off  great-circle  modes  and  equatorial 
spread-F. 
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9 — Multiple  Echoes  from  the  Equatorial  Zone  Showing  Eastward  Drift 
on  the  Lindau-Tsumeb  Path  (from  raf.  381 


Nielson  and  Crochet^^®^  point  to  the  difficulty  in  attempting  to 
explain  frequency  depenuent  signal  level  because  a given  operating  frequency 
may  have  simultaneous  scattering  from  either  under-dense  or  over-dense 
patches.  Furthermore  TEP  frequency  ranges  include  both  the  background  and 
irregularity  plasma  frequencies.  But  the  plasma  density  must  have  spatially 
local  maxima  within  a patch  to  account  for  the  total  VHF  data  of  Fig.  6. 
Plasma  frequencies  of  the  order  of  15  to  20  MHz  must  be  reached  even  under 
ideal  conjugate  ionosphere-to-ionosphere  reflection  to  explain  72  MHz  data. 


10 


The  same  authors  summarise  the  important  role  played  by  irregulari- 
ties in  producing  evening  TEP:  weakness  of  background  plasma  at  times  of 
TEP  indicates  that  the  propagation  is  supported  by  irregularities;  Doppler 
and  time-delay  experiments  show  that  these  irregularities  present  many 
reflecting  surfaces,  the  resulting  signal  occurs  only  at  night-time  and 
correlates  with  spread-F  (see,  however.  Chap.  4 of  this  Report).  They 
suggest  a possible  explanation  of  TEP  observations  in  terms  of  (a)  large-scale 
and  (b)  medium  and  small-scale  irregularity  patches.  The  large  scale 
patches  (100-1000  km  in  longitude)  form  and  begin  to  move  eastward  and  down- 
wards after  the  evening  F-layer  height  rises;  they  may  exist  simultaneously 
at  different  longitudes  and  have  large  horizontal  gradients  of  ionisation 
on  their  boundaries.  Electromagnetic  drift  from  large  scale  electric  fields 
or  wavelike  motion  may  cause  the  horizontal  movement  of  the  patches  which 
disappear  soon  after  midnight.  The  second  smaller  type  may  be  in  the  form 
of  a fine  ripple-like  structure  on  the  edges  of  the  large  patches  and  are 
possibly  field  aligned,  at  least  within  the  equatorial  zone. 


2.3  Afternoon  TEP 


The  ^F  mode  theory  of  Villard,  Stein  and  Veh^^^  is  the  most  widely 
accepted  theory  so  far  proposed  to  explain  the  afternoon  TEP^^^ 


(17)  (22)  (40)  (41) 


In  this  theory  propagation  occurs  by  successive 


reflections  from  tilts  in  the  F-layer  without  intermediate  ground  reflec- 

p 

tions.  For  transequatorial  paths  a F mode  seems  likely.  The  necessary 
tilts  (up  to  6°)  arise  from  gradients  in  the  electron  density  more  or  less 
symmetrical  about  the  magnetic  equator,  each  tilt  being  inclined  towards 
the  equator.  The  recent  time-del3y  measurements  of  Anastassiadis  and 


Antoniadis^^ ^ are  consistent  with  this  theory  but  do  not  rule  out  a normal 
2-hop  propagation  mode.  The  large  peak  densities  on  the  crests  of  the 
anomaly,  necessary  to  explain  afternoon  TEP,  occasionally  occur  following 
sunset  and  may  continue  to  influence  the  total  reflection  process  even  when 
irregularities  are  present. 
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3.  SYNOPTIC  DATA 

Data  recorded  at  Roma  from  1 September  1969  to  31  August  1970 
appears  in  Appendix  III.  These  figures  show  the  maximum  signal  strength 
in  dBm  occurring  each  hour  throughout  the  year  for  34  and  45.1  MHz,  and 
each  half  hour  for  40  MHz.  The  data  of  Appendix  III  considered  along  with 
similar  data  of  Reports  1^^^^,  2^^^^  and  3^^^^  constitutes  almost  four  years 
of  continuous  recording  at  Roma  and  one  year  of  recording  at  Pretoria. 
Variation  of  signal  strength  over  the  four  year  period  is  discussed  in 
Section  3.2.  For  two  years  of  transmission  at  34  and  45.1  MHz  complete 
transmitting  and  receiving  schedules  appear  in  Appendix  II. 

3.1  Occurrence  of  Signal 

In  Fig.  10  histograms  show  the  presence  probability  or  proportion 
of  days  of  the  month  when  signal  was  recorded  at  Roma  during  each  hour  of 
the  day.  Maximum  presence  occurs  during  the  equinoxes  for  all  three  fre- 
quencies. The  40  and  45.1  MHz  signal  almost  vanishes  during  the  June 
solstice  and  40  MHz  reaches  a much  less  marked  minimum  during  the  December 
solstice.  The  34  MHz  signal  decreases  less  during  the  solstices  compared 
with  the  higher  frequencies.  In  January  and  February  1971  the  presence 
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probability  of  34  MHz  signal  appears  to  be  lower  than  40  MHz.  However, 
it  is  known  that  signal  was  lost  during  those  months  due  to  antenna  pream- 
plifier failure  and  the  data  is  unreliable.  The  December  histogram  indi- 
cates the  general  behaviour  for  that  solstice.  Nielson^^^^  points  out 
that  TEP  transmissions  between  Oahu  and  Raratonga  near  50  MHz  show  a marked 
difference  between  the  two  solstices  with  higher  reception  occurring  in 
June.  However,  Fig.  11  shows  that  the  difference  in  the  two  solstices 
is  not  as  marked  as  with  the  Roma-Athens  40  MHz  circuit;  furthermore,  the 
effect  is  reversed,  higher  reception  occurring  in  December  at  Roma.  This 
difference  will  be  discussed  later  in  Section  6.3.  Seasonal  behaviour 
of  Roma  40  MHz  further  illustrated  in  Chap.  6 (Fig.  25)  shows  that  the  above 
mentioned  significant  difference  between  the  two  solstices  is  evident  only 
in  afternoon  and  evening  TEP. 


o 


Fig.  11  also  contains  40  MHz  data  from  Pretoria  and  Port  Elizabeth 
(see  Fig.  2)  showing  that  over  the  1000  km  latitude  range  at  the  receiving 
end  of  the  circuit  there  is  no  observed  seasonal  difference  in  occurrence 
which  cannot  be  explained  in  terms  of  interference  such  as  electrical  storms 
(e.g.  see  Fig.  11  January  1969  Roma  data)  or  instrument  sensitivity. 


* The  Raratonga  data  have  been  adopted  from  Nielson^  ^ 
(Fig.  10)  and  have  been  normalised  to  the  maximum  of 
the  Roma  data. 
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The  growth  of  40  MHz  TEP  during  morning  hours  and  decay  during 
evening  hours  are  illustrated  in  Fig.  12.  Between  1200  and  2000  hours  the 
curves  almost  coincide.  Significant  differences  in  occurrence  during  June 
and  December  solstices  already  shown  in  Fig.  11  are  evident  in  all  the  curves 
for  particular  hours  excepting  the  morning  hours  from  March  1967  to  June 
1968.  For  21  of  the  36  months  plotted  signal  before  1200  hours  is  present 
for  less  than  20%  of  the  days  of  the  month  suggesting  low  presence  proba- 
bility before  noon  excepting  near  sunspot  maximum  (see  Fig.  10). 


fig.  12  - (a)  Diurnal  Davalopmant  and  Ibl  Diurnal  Dacay  of  40  MHi  TEP 
flaeaption  at  Roma  during  36  Months 
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3.2  Signal  Strength 

Diurnal  variation  of  signal  strength  is  shown  in  Fig.  13  for  40 
MHz  and  in  Fig.  14  for  34  and  45.1  MHz.  Here  all  days  of  the  month  were 
included  in  the  averaging  process  irrespective  of  whether  signal  was  present 
or  not.  For  the  four  years  shown,  the  behaviour  of  40  MHz  signal  strength 
is  similar  to  occurrence  (Fig.  10)  with  maxima  appearing  at  the  equinoxes, 
April  being  greater  than  October.  40  MHz  behaviour  differs  from  the  other 
two  frequencies  in  that  signal  strength  almost  disappears  at  the  June  sol- 
stice but  relatively  high  signal  strength  is  evident  even  at  the  solstices 
on  34  and  45.1  MHz.  This  apparent  lack  of  systematic  dependence  on  fre- 
quency is  partly  due  to  lower  transmitted  power  but  mainly  due  to  damping 
by  the  relatively  large  time  constant  of  the  40  MHz  recorder.  This  is  also 
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Fig.  14  — Diurnal  Variation  of  Signal  Strength  for  34  and  45. 1 MHz 


evident  in  Fig.  15  where  seasonal  behaviour  of  signal  strength  is  shown. 

Here  the  plotted  points  were  obtained  by  averaging  over  each  month  for  those 
days  on  which  signal  was  present  during  the  respective  daily  time  intervals 
indicated  in  the  figure.  This  figure  shows  the  equinoctial  maximum,  June 
minimum  and  December  sub-minimum  characteristics  of  the  40  MHz  particularly 
well.  For  the  year  shown  45.1  MHz  follows  a similar  maximum  and  minimum 
pattern,  but  preamplifier  failure  evident  also  In  the  34  MHz  signal  strength 
for  February  1971  makes  comparison  difficult  for  that  frequency.  40  MHz 
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signal  strength  is  usually  less  than  the  free  space  attenuated  value  ex- 
cepting at  the  March  equinoxes.  At  45.1  MHz  signal  received  during  the 
September  1970  equinox  is  many  times  greater  than  the  free  space  attenuated 
value  indicating  very  strong  focussing  of  afternoon  signal. 


Fig.  15  - Stmonal  Vtrmtion  of  Fteoivod  Signal  Strength  for  the 
Frequenclei  Shown  Avereged  over  each  Month  for  the 
Time  intervait  Indicated 


The  three  groups  have  distinctive  diurnal  characteristics  which 
can  be  related  to  muU'^ath,  phase  coherent  interference  and  the  evening 
equatorial  ionosphere.  For  instance,  Davies^^^^  has  described  double 
periodic  fading  similar  to  the  Group  B type  of  Fig.  16.  He  suggests  that 
the  shorter  period  fade  results  from  beating  between  the  high  and  low  rays 
while  the  longer  fade  comes  from  the  ordinary  and  extraordinary  waves.  On 
the  other  hand,  Lockwood^^^^  suggests  the  fast  fading  is  due  to  the  0-wave 
and  the  X-wave.  From  samples  of  Roma  records  Lockwood  also  notes  (i)  that 
when  double  periodic  occurs  the  operating  frequency  is  well  below  the  maximum 
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observed  frequenrv  (MOF)  for  oblique  propagation  while  flutter  fading  prob- 
ably occurs  when  the  MOF  falls  below  the  operating  frequency,  (ii)  the  occur- 
rence of  double  periodic  implies  a high  angle  and  low  angle  ray  and  hence  at 
least  a 2-hop  path  since  a 1-hop  path  has  no  low  angle  ray.  Caldwell  and 
Lockwood^^^^  suggest  that  the  Group  A signals  which  include  slow  periodic 
and  random  fading  could  result  from  off  great-circle  propagation  but  the 
phase  coherence  of  double  periodic  makes  off  great-circle  transmission  of 
this  type  unlikely  because  of  the  scatter  nature  of  ground  reflection  in  the 
former  case. 
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Fig.  17  shows  a complete  day's  reception  of  34  and  45.1  MHz  for 
times  when  signal  was  present.  This  day,  27  October  1970,  is  of  particular 
interest  because  flutter  fading  of  45.1  MHz  signal  occurs  very  early  in 
the  day  - 1200  LT,  disappears  and  reappears  in  the  evening.  The  transition 
from  phase  coherent  (double  periodic)  signal  to  scatter  (flutter  type  fading) 
signal  occurs  at  1900  LT. 

4.2  Spread-F 

Since  October  1970  was  a month  of  outstanding  45.1  MHz  occurrence, 
the  rate  of  fading  is  shown  in  Fig.  18  for  the  evening  hours  for  this  month. 


OCTOtM  Ifft 

Fig.  18  — Fading  Rates  at  the  Local  Times  shown  for 
October  1970  for  45.1  MHi 

The  three  or  four  days  centred  on  17  October  are  of  special  interest  because 
they  show  that  an  enhanced  fading  rate  persists  over  a period  of  four  hours. 
Moreover,  there  is  a tendency  for  the  rate  of  fading  to  increase  from  Group 
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B to  Group  C type  towards  evening  as  one  would  expect  because  this  is  the 
time  of  approach  to  equatorial  sunset  and  onset  of  spread-F.  However,  the 
occurrence  of  this  behaviour  over  a period  of  a few  days  with  a distinct  ab- 
sence of  high  fade  rates  persisting  for  some  hours  over  the  same  sunset 
period  for  the  days  before  and  after  the  days  centred  on  the  17th  is  difficult 
to  explain.  The  diurnal  behaviour  for  three  months  September-November  is 
much  easier  to  interpret.  In  Fig.  19  the  fading  rate  of  the  three  groups 
of  signals  at  34  and  45.1  MHz  are  compared  with  equatorial  spread-F.  Even- 
ing spread-F  correlates  well  with  45.1  MHz  flutter  signal  with  rates  greater 
than  30  fades  per  minute.  The  diurnal  behaviour  for  45.1  MHz  is  similar 
to  the  behaviour  indicated  in  Fig.  18  for  certain  days  in  that  the  occurrence 
peak  moves  to  a progressively  later  hour  with  increasing  fade  rate  until  it 
coincides  with  the  peak  occurrence  of  evening  spread-F.  Peak  occurrence 

of  34  MHz  does  not  show  this  trend.  Flutter  signal  does  not  only  occur 

in  the  evening  hours.  Fig.  19  shows  definite  occurrence  of  flutter  fading 
on  45.1  MHz  at  midday  during  October  (see  also  Fig.  17)  and  November  1970 
at  a time  when  spread-F  is  absent.  Nielson^^^^  points  out  and  the  results 
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of  Fig.  19  confirm  that  spread-F  occurs  at  times  when  TEP  is  absent  and 
therefore  spread-F  is  not  a sufficient  condition  for  TEP.  However,  since 
flutter  type  signals  which  are  usually  associated  with  spread-F  are  shown 
here  to  occur  in  the  absence  of  spread-F,  it  must  be  concluded  that  spread-F 

I 

is  also  not  a necessary  condition  for  flutter  type  TEP. 

Analysis  of  flutter  fading  for  the  year  May  1970  through  April 
1971  appearing  in  Fig.  20  shows  that  the  maximum  occurrence  for  45.1  MHz 
was  in  August  1970  and  for  that  month  50%  of  all  45.1  MHz  received  signal 
was  flutter  signal,  another  maximum  of  less  than  25%  occurred  in  March 
1971.  The  maximum  for  34  MHz  was  15%  in  April  1971.  Maximum  spread-F 
for  the  year  was  in  June  1970  coinciding  with  a period  when  TEP  was  almost 


Fig.  20  - Companion  of  Flutter  Fading  on  34  and  45. 1 UHt 
with  the  Occurrence  of  Spraad-F  for  the  Year  May 
1970  to  April  1971 


absent.  The  seasonal  pattern  of  TEP  with  very  low  occurrence  in  the  sol- 
stices makes  meaningful  comparison  with  seasonal  spread-F  difficult.  How- 
ever, the  coincidence  of  a maximum  in  spread-F  with  the  well  defined  maxi- 
mum in  45.1  MHz  flutter  fading  is  probably  significant. 
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4.3  Fading  Rates  Observed  on  the  Paths  Lindau-Roma  and  Tsumeb-Lindau  - 
Preliminary  ResulU 

J.  ROTTGER*  E.H.  CARMAN  M.P.  HEERAN 

Simultaneous  CW  transmissions  at  14.0  MHz  from  Tsumeb  to  Lindau 
and  at  14.7  MHz  from  Lindau  to  Roma,  together  with  34  MHz  from  Athens  to 
Roma  were  made  for  a few  evenings  covering  the  period  of  equatorial  sunset 
during  April  1972.  Fig.  1 of  Chap.l  shows  the  great-circle  paths  while 
Fig.  21  shows  the  observed  fading  rates. 


Fig.  21  -Simultaneous  Transmissions  at  14.0,  14.7  and  34.0  MHz  between  Tsumeb-Lindau,  Lindau-Roma  and  Athens- 
Roma 


For  detailed  analysis  it  was  necessary  to  study  variation  in  fad- 
ing rate  in  relation  to  occurrence  of  equatorial  spread-F  irregularity 
patches  causing  side  scattering  and  reflection.  The  variation  in  fading 
rate  during  a fixed  time  interval  given  by  the  relation 

V = (At  = 5 min) 

was  evaluated  during  the  entire  period  of  observations.  v gives  the  rela- 
tive number  of  events  when  an  increase  or  decrease  is  observed  simultaneously 
on  both  paths.  In  the  present  case  two  of  the  frequencies  (14.0  and  14.7 
MHz)  are  sufficiently  close  to  permit  a comparison  and  the  results  appear  in 
Table  I. 


* Max  Planck  Institute  for  Aeronomy,  Lindau-Harz,  Western  Germany 


23 


TABLE  I 


14.0  - 14.7  MHz 


17  April 

1972 

0.67 

18  April 

1972 

0.50 

25  April 

1972 

0.50 

27  April 

1972 

0,71 

It  is  evident  that  7 = 0.50  means  that  there  is  only  statistical 
dependence  = 0 is  not  considered  in  this  case).  To  determine  the  sig- 
nificance limits  of  7 a series  of  random  numbers  was  tested  to  find  the 
standard  error  Oy  of  7.  This  error  was  found  to  be  oy  = 0.104.  Assuming 
that  7 estimated  by  means  of  random  errors  has  a normal  distribution,  the 
2a  - limits  give  the  5%  boundaries  of  significance.  All  values  exceeding 
V + 2a  (=  0.708)  are  95%  significant,  i,e.  the  probability  that  these  values 
are  statistical  is  lower  than  5%.  In  the  present  case  Table  I shows  that 
there  is  good  correlation  between  14  and  14.7  MHz  fading  rate  variations 
on  27  April  when  the  significance  is  95%.  On  17  April  correlation  is  90% 
significant  which  is  still  relevant.  There  is  no  correlation  on  18  and 
25  Apri 1 . 

The  quasi-simuHaneous  occurrence  of  intermediate  maxima  on  the 
17  and  27  April  indicates  that  the  propagation  pa':.h  is  not  in  a discrete 
plane  but  that  off  great-circle  propagation  occurs  throughout  the  whole 
period  of  the  observation.  The  intermediate  maxima  on  both  paths  may  be 
caused  simultaneously  by  the  same  patch  of  irregularity.  If  the  propaga- 
tion was  in  a great-circle  plane,  the  maxima  would  occur  at  different  times 
coinciding  with  the  times  the  patches  crossed  the  great-circle  plane. 

This  preliminary  result  indicates  the  occurrence  of  off  great- 
circle  propagation  caused  by  irregularity  patches.  It  appears  necessary 
to  investigate  further  cases  and  to  expand  the  work  to  include  a study  of 
equatorial  spread-F. 
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5.  TEP  AND  TOPSIDE  SOUNDING 


through  June  1969.  34,  40  and  45.1  MHz  were  compared  with  twenty  seven 

passes  of  Alouette  II  and  Isis  II  from  May  1970  through  June  1971.  Exam^ 


Fig.  22  (b)  Signals  on  40  MHi  corresponding  to  the  Electron  Density  Profiles  of  Fig.  22  (el 


pies  of  electron  density  profiles  prepared  from  satellite  data  provided  by 
the  Communications  Research  Centre,  Ottawa,  Canada,  appear  in  Figs.  22  and 
23  along  with  corresponding  samples  of  TEP  recordings  from  Roma.  Fig.  22 
illustrates  typical  equinoctial  and  solstitial  data  at  different  times  of 
the  day.  Here  it  is  evident  that  the  equatorial  anomaly  over  Africa  in 
the  equinoctial  period  is  absent  in  the  early  morning,  begins  to  develop  at 
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about  0800  LT,  is  well  developed  at  1700  LT  and  shows  signs  of  decline  at 
about  1900  LT.  This  corresponds  with  reported  behaviour^^^^  for  the 
American  region.  Mid-latitude  fluctuations  in  electron  density  are  also 
evident  in  the  profiles.  The  solstitial  data  indicates  a weaker  develop- 
ment of  the  anomaly.  The  profiles  of  Fig.  23  show  afternoon  development 
of  the  anomaly. 


GEO.  LAT.  GEO.  LAT. 


Fig-  23  - It)  BItctron  Otntity  Prof  Hi  Obttintd  from  Aloutttt  If  tnd  ftit  if  Toptidt  Sounding 
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Fig.  23  (b)  Signals  on  34  and  45. 1 MMi  corresponding  to  the  Electron  Density  Profiles  of  Fig.  23  (af 


5.2  Gradients 

Although  double  maxima  do  not  always  occur  in  the  data  of  Figs.  22 
and  23  in  cases  where  the  anomaly  is  developed  gradients  exist  near  the 
magnetic  equator.  The  existence  of  these  gradients  is  essential  to  the 
theory  of  Villard,  Stein  and  Yeh^^^.  Gradients  have  been  obtained  from  all 
available  profiles  in  the  latitude  range  0 through  -5  degrees  (geographic) 
and  are  arranged  in  decreasing  order  in  Table  2 alongside  occurrence  of  TEP. 
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TABLE  2 


14.10.70 

1400 

No 

Ye 

s 

Yes  A 

7.  6.71 

1400 

Yes  A 

No 

No 

15.  9.70 

1800 

No 

Ye 

s 

Yes  A 

20.  4.71 

1600 

Yes  A 

No 

No 

20.  6.70 

1600 

Yes 

No 

No 

30.  4.71 

1700 

Yes 

No 

No 

5.12.70 

2000 

Yes 

Ye 

s 

No 

17.  5.71 

1600 

Yes  A 

No 

Yes  A 

31.  8.70 

1900 

No 

Ye 

s 

Yes  B 

20.  5.70 

1900 

No 

No 

No 

25.  5.70 

1900 

Yes  A 

Ye 

s 

No 

22.  5.71 

1500 

Yes  A 

No 

No 

14.  6.71 

1300 

No 

No 

No 

19.  4.71 

1600 

Yes  A 

Ye 

s 

No 

16.  3.70 

1500 

Yes 

Ye 

s 

No  ob 

10.  4.71 

1700 

Yes  A 

Ye 

s 

No 

14.  4.71 

1600 

Yes  A 

Ye 

s 

Yes  A 

26.  3.70 

1400 

No 

Ye 

s 

No  ob 

5.  5.71 

1600 

Yes  B 

Ye 

s 

No 

17.  4.71 

1600 

Yes  A 

Ye 

s 

No 

2.  5.71 

1400 

Yes  C 

No 

No 

11.12.70 

0700 

No 

No 

No 

5.  7.70 

1100 

Yes  A 

No 

No 

13.  5.70 

2000 

No 

No 

No 

18.  5.70 

2000 

No 

No 

No 

26.  5.70 

1900 

No 

Ye 

s 

No 

29.  3.71 

1800 

Yes  B 

No 

No 

20.  4.69 

1730 

Yes 

3.  4.69 

1830 

Yes 

16.  4.69 

1700 

! Ye? 

21.  5.69 

1400 

1 

No 

13.11.68 

1330 

Yes 

18.  3.69 

1730 

Yes 

1.  3.69 

0900 

No 

3.  6.69 

1430 

No 

7.  5.68 

1200 

No 

22.  2.68 

1800 

No 

28.  2.68 

0800 

Yes 

26.10.68 

0400 

No 

28.11.68 

0000 

Yes 

4.  5.67 

0800 

No 

7.10.68 

0530 

Yes 

23.  3.68 

0600 

No 

Columns  4 and  6 indicate  the  type  of  TEP  in  terms  of  the  classifi- 
cation of  4.1  Fig.  16  for  34  and  45.1  MHz  signal  (excepting  for  the  four 
cases  where  the  signal  was  too  weak  to  permit  classification).  As  already 
mentioned  in  Section  1.1  the  recorder  used  for  40  MHz  signal  reception  did 
not  produce  fading  characteristics  and  hence  classification  of  signal  was  not 
possible.  The  data  of  Table  2 is  summarised  in  Table  3.  Here  an  arbitrary 
value  of  electron  density  gradient  (0.5  x lO^cm”^  deg~^)  has  been  taken  to 
divide  the  data  into  two  distinct  classes. 


e density 

gradient  Signal  Occurrence 

cm”"^  deg" 

^ 0.5  X 10^ 

< 0.5  X 10^ 

34  MHz 

40  MHz 

45,1  MHz 

Yes 

No 

Yes 

No 

Yes 

No 

12 

5 

5 

5 

14 

7 

10 

12 

5 

0 

11 

9 

It  is  clear  from  the  table  that  the  lower  gradients  correspond  to 
low  occurrence  probability  - about  32%  and  only  half  of  this  is  afternoon 
or  evening  TEP.  Thus  the  evidence  strongly  supports  absence  of  afternoon 

or  evening  TEP  in  cases  where  electron  density  gradients  tend  to  be  absent. 
For  higher  gradients  the  probability  of  TEP  is  somewhat  higher  than  50%  and 
Table  2 shows  that  these  high  gradients  occur  mainly  in  the  afternoon  or 
evening.  Thus  TEP  occurrence  and  high  electron  density  gradients  tend  to 
coincide  in  the  afternoon  or  evening  corresponding  with  the  time  of  maximum 
development  of  the  equatorial  anomaly.  This  supports  a supermode  involv- 
ing two  reflections  from  the  F-layer  without  intermediate  ground  reflection 
2 

( F supermode)  as  an  important  mechanism  for  TEP  at  that  time  of  day. 
However,  as  Fig.  19  shows,  there  is  also  a significant  probability  for 
propagation  of  Group  B (20-30  fades  per  minute)  signal  during  the  afternoon. 
In  4.1  it  was  shown  that  this  type  of  signal  is  phase  coherent  and  results 
from  at  least  a 2-hop  great-circle  mode.  Analysis  of  flutter  fading  with 
regard  to  electron  density  gradients  has  not  been  possible  presumably  due 
to  presence  of  spread-F  on  ionograms.  Hence  the  absence  of  evening  Group 
C TEP  in  Table  2. 
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percentage  of  time  signal  is  received 


6.  SOLAR-GEOPHYSICAL  INFLUENCE 


6.1  Sunspot  Number 

Variation  of  presence  probability  of  signal  with  sunspot  number 
is  illustrated  in  Fig.  24.,  This  is  a composite  figure  comparing  48  MHz 
data  recorded  at  Townsville  (lat.  19.3°S,  long.  146. 8°E)  from  FM  transmitters 
at  Seoul,  Korea  (Gibson-Wi Ide  and  Carman^^^)  with  the  40  MHz  signal  recorded 
at  Roma.  The  dashed  lines  show  the  envelopes  of  maximum  signal  during  equi- 
noxes and  minimum  signal  during  December  and  June  solstices.  The  envelope 
of  maximum  signal  follows  the  curve  of  sunspot  number  sufficiently  closely 
to  reflect  the  sub-minimum  and  sub-maximum  of  1971/72  in  the  latter  curve. 
Since  all  three  envelopes  are  converging  to  a minimum  one  can  predict  that 
the  40  MHz  signal  will  almost,  if  not  completely,  vanish  during  the  next 
solar  minimum. 


Fig.  24  - Trantequatoria!  Propagation  Compared  with  Zurich  Sunspot  Number  during  12  Years.  The  Figure  Shows 

Equinoctial  Maxima  and  Solstitial  Minima  for  Far-Eastern  and  African  Circuits 

Fig.  25  shows  that  the  solar  influence  is  different  at  different 
periods  of  the  day.  The  evening  (1800-2300  LT)  40  MHz  occurrence  has  much 
the  same  form  as  plots  for  the  whole  day  shown  in  Fig.  24.  Morning  and 
afternoon  transmissions  follow  a somewhat  different  pattern  - especially 
the  afternoon  where  there  is  no  definite  dependence  on  sunspot  number. 

The  morning  TEP  peaks  rather  sharply  near  sunspot  maximum. 

The  strong  dependence  of  evening  TEP  on  sunspot  number  so  clearly 
evident  in  Figs.  24  and  25  leads  to  the  conclusion  that  the  solar  control 
is  a general  characteristic  of  this  kind  of  transmission. 
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1967  1968  1969  1970  1971  1972 

Fig.  25  - Season»l  Variation  of  Signai  Occurranca  of  40  MHz  TEP  for  Morning  (0000- 
1100  LT),  Aftarnoon  (1200-1700  LTI  ana  Evaning  (1800-2300  LTt  Hourt 


6.2  Sudden  Ionospheric  Disturbances 

In  Fig.  26  the  average  signal  strength  for  each  day  for  four  equi- 
noctial periods  is  compared  with  the  occurrence  of  sudden  ionospheric  dis- 
turbances (SID).  This  leads  to  the  interesting  result  that  two  distinctive 
periodic  variations  in  TEP  signal  strength  closely  related  to  solar  activity 
can  be  distinguished: 
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(i)  a slow  fade  with  maxima  every  twelve  days  correlating  with 
thirteen -day  maxima  in  SID; 

(ii)  a more  rapid  fade  with  maxima  every  four  days  also  correlating 
with  SID. 


Fig.  26  - Chvctarittlot  of  Suddtn  lonoiphorle  Ditturboncot  Compand  with  Fading  of 
Tnnaaquatoriai  Propagation  Signal  Strangth.  Tha  FIgun  llluttntat  Corraiation 
uatwaan.  Fading  ot  SID  ana  FEP  of  Two  Pariodicitiat.  12-13  Day  and  4 Day 
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The  twelve-day  fades  in  signal  strength  have  been  compared  with 
maxima  in  SID.  In  a first  simple  analysis  coincidence  of  maxima  in  signal 
strength  were  compared  with  minima  in  SID,  and  vice  versa,  for  the  four 
three-month  equinoctial  seasons  of  1970  and  1971.  In  43%  of  280  comparisons 
maxima  coincided  with  maxima  and  minima  with  minima.  There  is  thus  a de- 
finite probability  that  TEP  signal  is  lowest  when  SID  is  greatest.  There 
was  no  marked  variation  from  season  to  season  or  dependence  on  frequency. 

A similar  analysis  was  done  for  signal  occurrence  during  September 
1970  equinox.  The  signal  occurrences  had  maxima  which  coincided  with  SID 
maxima  in  55%  of  all  cases.  These  are  in  phase  with  signal  strength  fading 
in  only  32%  of  all  cases. 

Correlation  between  the  period  of  the  short  four-day  fades  in  SID 
and  TEP  is  remarkable.  During  366  days  the  average  period  for  SID  was  3.5 
days  and  for  679  days  of  TEP  the  average  was  3.6  days  indicating  a strong 
relationship. 

Sudden  ionospheric  disturbances  are  caused  by  X-rays  from  solar 
flares  increasing  the  ionisation  in  .the  lower  ionosphere.  They  are  charac- 
terised by  increased  absorption  of  short-wave  radio  signals  resulting  in 
short-wave  fade-outs  (SHF).  For  detailed  discussion  of  ionospheric  dis- 
turbances see,  for  example,  Reid^^^^. 

The  large  scale  effects  of  solar  flares  produce  the  periodicity 
in  SID  evident  in  Fig.  26.  One  might  look  for  an  explanation  of  the 
thirteen-day  fades  by  studying  the  passage  of  active  regions  across  the 
sun's  disc.  However,  that  TEP  signal  strength  follows  very  nearly  the 
same  periodicity  is  by  no  means  to  be  expected  from  synoptic  behaviour  so 
far  reported. 

Such  a correlation,  and  especially  an  inverse  correlation  could 
only  arise  from  two  causes,  either  from  absorption  or  from  defocussing 
in  the  lower  ionosphere.  To  determine  which  of  these  predominates,  it 
is  necessary  to  consider  the  correlation  between  SID  and  signal  occurrence 
mentioned  above.  The  strong  inverse  correlation  between  fading  of  occur- 
rence and  strength  of  signal  suggests  that  increased  ionisation  in  the 
lower  ionosphere  produces  a lower  signal  strength  at  a fixed  receiver  site 
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accompanied  by  a greater  probability  of  occurrence.  Clearly  this  points 
to  a defocussing  mechanism  in  the  lower  ionosphere. 


6.3  Seasonal  Behaviour 

For  the  seasonal  variation  Gibson-Wilde^*^^^  showed  there  was  a 
relationship  between  the  symmetry  in  the  equatorial  anomaly  (see 
Lyon^^®^.  for  example)  during  equinoxes  and  the  occurrence  of  the  Townsville 
TEP  of  Fig.  24.  The  decreased  TEP  during  the  solstices  could  likewise  be 
related  to  asymmetry  in  the  positions  and  magnitudes  of  the  anomaly  peaks. 
Fig.  27  shows  a similar  behaviour  for  the  European-African  circuit.  Here 
monthly  median  values  of  f^F2  published  by  C.R.P.L.  for  the  months  indica- 
ted are  plotted  for  that  circuit. 


Fig.  2f  - Variation  of  Monthly  Martian  Valuat  of  f^F2  with  Dip  Latituta  for 
Thraa  Aftamoont  Houtt 
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The  concentrations  of  electron  density  on  either  side  of  the  mag- 
netic equator  are  well  developed  during  the  equinoxes  and  December  solstice, 
but  in  the  latter  case  some  asymmetry  occurs.  On  the  other  hand,  during 
the  June  solstice,  the  anomaly  peaks  are  weakly  developed  and  rather  more 
asymmetrical  in  position  and  magnitude.  This  must  be  regarded  as  a general 
characteristic  of  the  equatorial  ionosphere  influencing  TEP  for  African  and 
Far-Eastern  circuits. 

In  Fig.  11  TEP  transmissions  from  Oahu  to  Rara tonga  were  compared 
with  the  Athens-Roma  circuit  and  it  was  noted  that  Nielson's^^^ ^ reported 
higher  reception  in  June  than  December  is  reversed  and  more  marked  for  the 
latter  circuit.  That  the  Pacific  and  African  circuits  have  reversed  sol- 
stitial reception  can  be  explained  in  terms  of  relative  positions  of  the 
magnetic  and  geographic  equators.  But  for  an  explanation  of  how  the  differ- 
ence in  reception  is  greater  for  the  African  circuit,  it  is  necessary  to 
introduce  a further  factor. 

Fig.  28  illustrates  how  the  north-south  neutral  wind  described  by 
Hanson  and  Moffett^^^^  is  such  a factor.  Vertical  electrodynamic  forces 
remove  electrons  from  the  neighbourhood  of  the  magnetic  equator  and  subse- 
quent downward  diffusion  results  in  symmetrical  enhancements  to  the  north 
and  south  of  the  magnetic  equator.  When  the  sub-polar  point  lies  to  the 
north  of  the  magnetic  equator  as  during  the  June  solstice,  this  increases 


Fig.  28  — Geophythtl  Factors  InfluarKing  TrarttaquatorM. 
Propagation 


36 


the  northern  ionisation,  but  the  neutral  wind  moves  this  excess  of  ionisation 
south  tending  to  fill  the  trough  over  the  equator.  During  the  December  sol- 
stice neutral  wind  and  increased  ionisation  due  to  the  southern  track  of 
the  sub-polar  point  combine  to  produce  increased  enhancement  south  of  the 
magnetic  equator  as  is  evident  from  Fig.  27.  This  explains  the  behaviour 
for  the  African  circuit.  -For  the  Pacific  circuit  the  southward  position 
of  the  magnetic  equator  and  the  southward  direction  of  the  neutral  wind 
combine  to  produce  the  reverse  effect. 
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7.  OPTICAL  INVESTIGATIONS 


7.1  Airglow  and  the  Equatorial  Anomaly 

A study  of  optical  emissions  from  the  night-time  F-region  has  con- 
siderable potential  as  a means  for  investigating  the  equatorial  anomaly  and 
hence  TEP.  There  are  three  tropical  emissions  resulting  from  a charge  trans- 
fer process 

0 + O2  0 + O2 

and  0"^  + NO  0 + NO"^ 

followed  by  dissociative  recombination  :- 

02"^  + e 0 + 0 + 6.96  eV  (5577,  6300-6364  8) 
and  NO"^  + e ->■  N + 0 + 2.76  eV  (5199-5201  and  possibly  6300  8). 

Barbier^^^^  has  deduced  a semi-empirical  relationship  between  the 
intensity  of  6300  8 emission  and  the  ionospheric  parame-ters  h'F  and  foF2. 

The  dependence  of  these  parameters  on  the  number  density  of  electrons  and 
the  concentration  of  02^  should  thus  make  it  possible  to  study  variations 
of  plasma  frequency  evident  as  irregularity  patches  by  observing  the  6300  8 
emission  from  the  patches  and  surrounding  background  in  the  form  of  isophote 
sky  maps. 

Barbier  et  al^^^^  observed  large  enhancements  in  6300  8 
emission  which  were  described  as  "intertropical  arcs"  because  of  their  ap- 
pearance as  broad  arc -like  bands  on  either  side  of  the  magnetic  equator. 
King^^^^  has  shown  that  these  arcs  are  closely  related  to  the  equatorial 
anomaly. 

An  airglow  experiment  designed  to  cover  the  southern  part  of  the 
Athens-Roma  TEP  path  was  planned  from  the  beginning  of  the  project.  Develop- 
ment of  photometers  and  the  establishment  of  observing  sites  has  proved  to 
be  a long  task  reaching  maturity  only  during  the  final  stages  of  the  TEP 
program.  However,  the  preliminary  results  at  present  available  and  which 
are  introduced  below  are  sufficiently  promising  to  form  the  basis  of  plan- 
ning for  a new  combined  Airglow-TEP  experiment. 
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The  data  of  Fig.  29  was  collected  by  employing  interca libra ted 
photometers  for  simultaneous  observations  at  three  stations:  Roma,  Ewanrigg 
(17.5°S,  31.0°E)  and  Olorgesailie  (1.5°S,  36.5°E).  Plotted  6300  8 intensity 
values,  appearing  in  Fig.  29  were  taken  from  isophote  sky  maps  of  the  kind 
illustrated  in  Fig.  30.  The  composite  data  covers  about  40  degrees  of 
latitude  corresponding  to  the  southern  half  of  the  present  TEP  path. 
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29  - Ovtrtays  lowing  tha  Davalopfnant  and  Dacay  of  an  "intartropica!  Rad  Arc"  during  tha  night  of  7/8  August  t972 


Figs.  29  and  30  show  by  both  overlay  and  contour  representation 
how  the  intertropical  arc  has  a stable  diurnal  character.  Development  and 
decay  of  the  main  tropical  enhancement  has  a time  variation  similar  to  the 
equatorial  anomaly.  There  are  longitudinal  fluctuations  tn  the  tropical 
region  that  also  appear  to  be  stable.  The  intensity  peak  slightly  west  of 
the  centre  of  the  northern  field  has  been  observed  on  many  occasions  and 
appears  to  be  related  to  local  geophysical  factors  still  to  be  investigated 
rather  than  diurnal  influence  of  the  equatorial  anomaly.  This  peak  is  the 
dominant  feature  of  the  contour  map  but  the  overlays  of  Fig.  29  show  that 
the  peak  is  a detail  in  the  general  enhancement  of  the  intertropical  arc. 
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Fig.  30  -Latitute  Variation  of  6300  2 Airgiow  Intantity  at  2015  UT  for  the  night  of  7/8  August  '1972  Intensities  ere  in 
Rayleighs  and  broken  contours  are  interpolated  velues. 

Airgiow  photoMotry  as  a means  of  studying  night-time  ionospheric 
morphology  is  a sensitive  technique  with  considerable  dynamic  range.  It 
is  possible  from  the  one  set  of  data  to  investigate  structural  features  such 
as  intensity  enhancements  or  depressions,  or  the  movement  of  contours  which 
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might  be  orders  of  magnitude  apart  in  values  of  their  intensities.  Much  of 
the  structure  shown  in  Fig.  29  is  not  relevant  to  TEP  and  therefore  detailed 
interpretation  of  the  higher  latitude  features  is  outside  the  scope  of  the 
present  report.  However,  one  interesting  feature  is  the  movement  of  the 
tropical  intensity  peak  of  Figs.  29  and  30.  Fig.  31  (a)  shows  how  the  posi- 
tion of  the  peak  systematically  changes  through  the  night.  Movement  towards 
the  dip  equator  until  about  local  midnight  is  accompanied  by  an  increase  to 
maximum  intensity.  The  motion  is  further  illustrated  in  Fig.  31  (b)  where 
it  is  evident  that  the  peak  undergoes  a systematic  velocity  change  throughout 
the  night.  The  range  of  velocities  decreases  from  2.6  deg  hr  ^ towards  the 
dip  equator  in  the  premidnight  period  to  1 deg  hr  away  from  the  dip  equator 
at  0030  LT;  it  then  increases  again  to  about  1 deg  hr"^  towards  the  dip 

equator  at  0200  LT.  Movement  of  intertropical  arcs  north  of  the  equator 
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with  velocities  of  the  same  order  have  been  deduced  by  King'  ' from  Barbier 


LOCAL  TIME  LOCAL  TIME 


Fig.  31  — !•)  Location  in  Latituta  and  .Longitude  of  the  Peek  Intensity  of. 6300  % Airglow  througfiout 
the  night  of  7/8  August  1973  - 

lOl  Velocity  of  Intensity  Peak  of  Fig.  3i  (•/  Nothemrds  (i.e.  towards  both  geographic  and 
dip  aquatorsi 

(521 

et  al's'  observations.  However,  the  present  results  do  not  support 
King's^^^^  deduction  that  the  movement  ceases  at  about  0200  or  0300  LMT. 
Furthermore,  Fig.  31  (a)  shows  that  the  southern  peak  of  the  arc  does  not 
approach  closer  to  the  magnetic  equator  than  12°  as  compared  with  the  repor- 
ted^^^^  5°  limit  to  the  southern  excursion  of  the  northern  peak.  Clearly 
further  analysis  of  observational  results  is  necessary. 

Observations  such  as  this  have  opened  up  a promising  new  field 
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for  investigating  large  scale  irregularities  in  both  tropical  and  midlatitude 
regions. 

7.2  Evening  TEP  and  the  Sunspot  Cycle 

It  is  perhaps  unfortunate  that  TEP  experiments  programmed  to  coin- 
cide with  the  solar  maximum  of  1968  have  not  synchronized  with  airglow  pro- 
grams proceeding  during  the  same  period.  At  the  time  of  writing  the  present 
report  the  immediate  future  for  a combined  TEP-Airglow  investigation  is 
unfavourable.  Evening  signals  are  becoming  increasingly  rare  and  prospects 
for  copious  signal  after  sunset  will  not  increase  until  after  the  next  solar 
minimum  in  1975. 
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APPENDIX  I 


Time  delay  measurements  in  the  Athens  (Greece)-Roma 
(Lesotho)  VHF  trans-equatorial  propagation  circuit 

M.  Anastassiadis  and  D.  Antoniadis 

University  of  Athens,  Greece 
(Received  9 August  1971) 

Abstract — An  experimental  approach  is  made  to  the  problem  of  determining  absolute  time 
delays  in  the  transequatorial  propagation  path  (TEP)  of  7500  km  Athens  (Greece)-Roma 
(Lesotho).  On  the  basis  of  the  experimental  results  obtained,  different  suggested  mechanisms 
of  TEP  wore  investigated.  The  most  consistent  is  the  *E2  mode  without  excluding  completely 
also  2F2  under  specific  conditions.  Multipath,  fiuttor  fading  and  pulse  stretching  observable 
in  several  cases,  are  discussed.  Further  measurements  during  equinoxial  periods  to  come,  will 
complete  the  above  first  conclusions. 

Tkans-equatoeial  propagation  is  defined  as  a Jong  range  ionospheric  propagation 
over  a path  that  is  more  or  less  bisected  by  the  magnetic  equator,  using  frequencies 
that  are  substantially  higher  than  those  used  in  conventional  short-wave  radio.  In 
the  remainder  of  this  paper  the  initials  TEP  will  bo  used  to  denote  this  kind  of 
propagation. 

The  usual  criterion  for  distinguishing  a given  class  of  propagation  is  the  basic 
reflection  mechanism  that  returns  the  wave  to  the  Earth.  In  late  1956,  fixed 
frequency  23-46  MHz  backscatter  equipment  was  operated  by  Stanford  University 
from  a site  in  the  Virgin  Islands  {64'’45  long.,  17®45  lat.).  Usually  long  range  back- 
scatter echoes  observed  there  by  Villaed  et  al.  (1957)  prompted  their  suggestion  of 
ionosphere  to  ionosphere  reflections  from  the  large  horizontal  gradients  of  the 
equatorial  anomaly.  Long-range  backscatter  echoes  in  Japan  similar  to  those 
observed  by  Villard  led  Obayashi  (1959)  to  predict  an  exospheric  field-guided  mode 
of  VHF  propagation  wherein  the  radio  wave  becomes  trapped  between  field-aligned 
irregularities. 

In  1962  Washburn  et  al.  (1963)  conducted  a multifrequency  (30-75  MHz)  experi- 
ment between  Panama  and  Chile  (magnetic  conjugates)  and  observed  unusually 
large  signal  strengths  relative  to  scatter  and  both  the  rapid  and  slow  flutter  fading 
characteristics.  An  oblique  sounder  circuit  operating  between  Kauai  and  Rarotonga 
by  Nieison  (1966)  during  the  summer  of  1962  showed  a remarkable  regularity  of 
VHF  propagation  up  to  64  MHz.  These  terminals  are  both  magnetic  and  geographic 
conjugates  and  a rate  of  occurrence  unequalled  before  or  since  was  observed. 

'I’he  long  range  trans-equatorial  circuit,  Athens  (Greecej-Roma  (Lesotho)  has 
been  under  investigation  since  1967  (Carman  et  al.,  1967,  1968,  1969).  At  first  the 
Gre<  k police  network  on  40  MHz  was  monitored  and  recorded  in  Roma.  Very  useful 
information  on  the  seasonal  and  diurnal  dependence  of  received  signals  were  collected 
and,  since  early  1970  and  for  the  same  purpose,  the  experiment  was  organized  in  a 
much  more  systematic  way.  Athens  transmitting  centre  started  to  radiate  CW 
signals  following  a definite  code  on  34  MHz,  46-1  MHz  and  72  MHz  each  hour  day 
and  night.  This  is  the  typical  expeiiinental  setup  for  monitoring  the  occurrence, 
signal  strength  and  fading  characteristics  of  forward  propagation  signals,  on  the 
above  frequencies. 
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Roughly,  the  occurrence  and  the  signal  strength  over  the  three  years  of  monitoring 
the  Greek  police  FM  network  on  40  MHz,  has  shown  the  pattern  that  has  been 
reported  by  several  workers  in  the  TEP  field  (Southwoeth,  1960),  for  circuits  in 
the  Americas  (Washbuen  et  al.,  1963;  Dueno,  1960),  Pacific  Ocean  (Thomas  etal., 
1962)  and  the  Far  Eas^-Australia  (Caeman  et  al.,  1963;  Gibson-Wilde  and 
Cabman,  1964).  This  pattern  is  characterized  by  an  enhancement  of  more  or  less 
both,  occurrence  and  signal  strength  during  equinoxes,  with  minima  during  solstices. 

Since  March  1971,  duplex  pulse  transmission  has  been  introduced  in  the  investi- 
gation of  the  above  TEP  European-African  circuit  by  installing  two  pulse  repro- 
duction units  on  33-6  MHz  and  45-0  MHz  of  the  authors’  design  at  the  receiving  end 
in  Koma-Lesotho.  The  mission  of  such  a pulse  reproduction  unit  is  to  transmit  a 
pulse  of  definite  shape  and  amplitude,  on  either  of  the  above  mentioned  frequencies, 
a definite  time  after  the  reception  of  the  triggering  pulse  sent  from  Athens,  on  either 
34  or  45-1  MHz  respectively.  This  new  experiment  aims  to  obtain  absolute  time 
delay  measurements,  as  well  as  pulse  propagation  characteristics,  in  order  to  deter- 
mine the  actual  path  followed  by  the  signals  over  the  TEP  circuit. 

Villard’s  e<  al.  and  Obayashi’s  theoretical  considerations  are  based  on  experi- 
mental results  obtained  through  the  backscatter  technique.  Other  techniques  are 
used  rather  to  investigate  signal  strength  and/or  occurrence,  seasonal  and  diurnal 
variations.  The  concept  of  the  backscatter  technique  forms  a good  method  for  the 
determination  of  time  delays  for  the  paths  followed  by  the  signal,  but  however,  it 
presents  at  least  two  shortcomings:  (a)  The  exact  earth  surface  location  of  the 
echo’s  origin  (scattering  area)  is  not  known  (McCub  and  Fyte  1966);  and  (b)  owing 
to  the  very  nature  of  ground  backscatter  transmissions  it  is  reasonable  to  assume 
that  echoes  are  at  times  uncertain  to  occur  even  though  conditions  might  permit  it 
(Dueno,  1960). 

The  technique  used  in  our  experiment  is  thought  to  overcome  the  above  imcer- 
tainties  and  also  given  that  the  shape  and  amplitude  of  the  transmitted  pulses  from 
Roma  are  definitely  known  it  has  been  possible  to  investigate  the  various  distortions 
suffered  by  the  signal  in  its  path.  In  the  present  experiment  by  sacrificing  the 
flexibility  of  the  backscatter  technique  a high  accuracy  of  path  delay  measurements 
has  been  achieved  for  signals  propagated  between  the  above  mentioned  terminals. 

Description  op  the  Equipment  and  Expeeimentation 

Two  channels  have  been  used  in  this  experiment.  On  one  channel  the  frequency 
of  34-0  MHz  is  used  for  transmission  from  Athens  and  33-6  MHz  for  transmission 
from  Roma. 

On  the  other  channel  transmission  on  45- 1 MHz  is  used  in  Athens  and  46-0  MHz 
in  Roma. 

On  both  channels  the  experimental  setup  includes  two  modified  pulse  trans- 
mitters and  two  receivers  on  the  appropriate  frequencies  at  the  transmitting  end 
(Athens)  and  two  receivers  coupled  to  the  pulse  reproduction  units  at  the  receiving 
end  (Roma).  The  antennas  at  the  transmitting  end  consist  of  two  horizontal  five- 
element  Yagis  for  the  transmission  on  34'0  MHz  and  45' 1 MHz,  a vertical  cardioidal 
for  reception  at  33-6  MHz  and  a two-element  Yagi  antenna  for  46-0  MHz.  The 
antennas  at  the  receiving  end  consist  of  a three-element  Yagi  for  reception  on 


47 


34  MHz  and  stacked  twin  three-element  Yagis  for  reception  on  451  MHz.  For 
transmi.s.sion  on  33-6  MHz  and  45-0  MHz  a three-element  Yagi  and  a four-element 
Yagi  are  used  respectively.  Each  of  the  pulse  reproduction  units  that  have  been 
installed  in  Roma  consists  of  a combination  of  a triggered  pulse  generator  and  a 
fixed  frequency  low  powered  (120  W)  pulse  transmitter.  They  possess  a controllable 
muting  delay  period  that  permits  the  locking  on  the  triggering  repetition  rate  and 
helps  avoiding  the  problems  of  random  shot  noise  in  cases  of  small  signals.  It  also 
solves  automatically  the  problem  of  direct  feedback  between  receiver  and  transmitter. 
'I'he  block  diagram  of  the  complete  pulse  reproduction  setup  at  the  receiving  end 
(Roma)  is  given  in  Fig.  1. 


Receiver 


Amplifier 


Amplitude 

discriminator 


Muting 

circuit 


Pulse 

generator 


RF 

transmitter 


Pu’se  reproduction  unit 


Fig.  1.  Block  diagram  of  tho  comploto  pulse  reproduction  setup  on  one  channel. 

1 lie  two  pulse  transmitters  at  the  transmitting  end,  are  driven  by  a single  pulse 
generator  which  is  triggered  externally  by  a standard  frequency  generator.  At  the 
same  transmitting  end,  the  outputs  of  the  receivers  are  connected  to  a 556  Tektronix 
Oscilloscope  which  is  used  on  the  delayed  sweep  mode  (Fig.  2).  With  a pulse  width 
of  160  yus  this  arrangement  provides  time  delay  measurements  accurate  to  ±50 
This  accuracy  is  determined  by  the  resolution  that  can  be  achieved  with  the  receiver 
bandwidth,  of  8 kHz  and  a sweep  rate  of  0-5  ms  cm~^.  The  overall  experimental 
error  increases  because  the  triggering  delay  at  the  receiving  end  depends  on  signal 
conditions.  This  introduces  an  error  of  approx  ±20  /rs.  Thus  maximum  overall 
error  is  ±70  yus,  for  the  double  path  delay  of  the  order  of  50  ms.  The  one-way  path 
delay  is  half  the  total  time  delay. 

Experimental  Results 

In  order  to  make  the  interpretation  of  time  delay  measurements  as  reliable  as 
possible,  the  period  of  experimentation  was  selected  carefully.  It  is  becoming 
increasingly  evident  that  the  TEP  mode  bears  a close  relationship  to  the  equatorial 
anomaly.  By  inspecting  the  distribution  of  the  F2-layer  electron  density  on  either 
side  of  the  magnetic  ''quator  for  all  periods  of  the  year  given  by  the  C.R.P.L. 
predictions,  we  founu  .aat  the  anomaly  is  well  developed  and  symmetrical  through- 
out the  afternoon  hours  during  the  equinox  (Fig.  3).  TEP  occurrence  and  signal 
strength  during  March  equinoctial  period  are  the  highest  and  consequently  any  kind 
of  interference  is  of  least  significance,  during  this  period. 

Time  delay  data  collected  up  to  now  cover  the  spring  equinoctial  period  of  1971 
(March-April).  Measurements  were  performed  on  both  34  and  46  MHz.  Propagation 
conditions  however  were  much  better  on  34  than  on  45  MHz.  Though  the  following 
characteristics  refer  mostly  to  the  observations  on  the  channel  of  34  MHz  they  are 
also  very  descriptive  of  the  behaviour  on  45  MHz  as  well. 
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Fig.  3.  Distribution  of/,F2  around  the  magnetic  equator  vs.  local  time  for  19  March 
1971  from  the  C.R.P.L.  predictions. 

The  major  characteristics  of  the  return  ‘echoes’  can  be  summarized  as  follows. 
By  ‘echo’  it  is  referred  here  the  triggered  pulse  sent  from  Roma: 

(1)  Time  delays  from  26-70  ms  to  26-20  ms  have  been  measured  with  a tendency 
for  the  lower  time  delay  signals  to  be  of  higher  strength. 

(2)  Time  delay  shows  an  almost  continuous  change  throughout  any  day  (Fig.  4). 

(3)  Multipath  propagation  can  be  identified  in  many  cases  during  any  day.  It 
seems  to  be  associated  with  rapid  fiutter  fading  and  is  most  prevalent  at  times  when 
signal  strength  builds  up  or  decays  (Fig.  6).  It  was  seldomly  observed  during  periods 
of  strong,  close  to  free  space,  signal  propagation.  Delay  between  first  and  last 
received  pulse  (echoes)  never  exceeded  600  ^s.  The  pulse  width,  amplitude  and 
multipath  characteristics  changed  very  rapidly  as  a function  of  time  (Figs.  4 and  6). 

(4)  Pulse  stretching  occurred  in  many  cases  and  its  appearance  is  closely  associ- 
ated with  that  of  multipath  propagation  which  may  be  considered  as  its  primary 
cause. 
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Fig.  2.  UrulistorUid  .'{.‘{•fi  MHz  ‘echo’  with  rapid  fading  pn'Haiit  obsnrvpd  in 
.Athens.  The  iippc'r  pnisc  gives  the  time  delay  and  enables  distortion  to  be  evalu- 
ated by  comparison  of  pulse  shapes.  Sweep  rat.e  (I  S ms  cm.  Trace  rah"  I 

tracc/lOOms.  Kxposure  1-2  s. 
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Fif?.  5.  A senucnce  of  typical  ‘{ichoos’  observed  near  sunset  on  24  March  1971. 
Multipath  propagation  is  present  associated  with  flutter  fading.  Pulse  broadening 
IS  clearly  observable  on  injist  of  thesi'  pictures.  Sweep  rate  0-5  ma/cm.  Trace  rate 
/ trace/ 100  ms.  Exposure  r2  s. 


Fig.  0.  Similar  distortion  charaoteriatios,  'echoes’  on  S4  MHz  (loft)  aiul  45  MHz 
(right)  observed  simultaneously. 
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(5)  Pulse  characteristics  appear  to  be  similar  for  the  34  and  45  MHz  signals 
(Fig.  6). 


Discussion 

On  the  basis  of  the  above  experimental  results  it  is  now  possible  to  examine 
closely  various  theories  proposed  to  explain  TEP  mechanism.  Because  direct 
ionospheric  data  along  this  European-African  path  are  missing  and  consequently 
tracing  of  ray  path  is  not  possible,  we  are  obliged  to  assume  paths  and  propagation 
mechanisms  consistent  with  time  delays  already  measured. 

The  exospheric  ducting  theory  proposed  by  Obayashi  does  not  stem  to  account 
at  all  for  the  observed  phenomenon  since  the  time  delay  expected  from  this  mode  of 
propagation  is  about  twice  that  actually  observed.  At  this  point  it  should  be  noted 
that  in  addition  to  the  theoretical  calculations  by  Bookee  (1962)  that  prove  guiding 
unlikely  above  10  MHz,  a significant  list  of  published  experimental  data  (Dueno, 
1960;  Gallet  and  Utlaut,  1961;  Thomas  et  al.,  1962;  Nielson,  1969)  are  also 
inconsistent  with  the  exospheric  ducting  mode. 

The  most  widely  accepted  theory  of  TEP  is  the  "F  theory  proposed  by  Villard 
et  al.  (1957).  According  to  this  theory  successive  reflections  on  the  ionosphere 
without  intermediate  ground  reflections  can  account  for  long  range  propagation 
when  the  necessary  tilts  for  the  production  of  these  reflections  exist  in  the  F’-layer. 
The  necessary  tilts  arise  because  horizontal  gradients  in  the  electron  density  are 
more  or  less  symmetrical  about  the  magnetic  dip  equator,  as  in  the  well  known 
equatorial  anomaly. 

Some  observations  on  long  distance  circuits  suggested  that  single  hop  propagation 
at  unusually  high  frequencies  can  take  place  on  high  angle  rays  (Pedersen)  wnthout 
having  to  invoke  ionospheric  tilts  (Fulton  et  al.,  1960).  Most  of  these  observations 
refer  to  non-trans-equatorial  and  rather  short  distance  circuits.  An  attempt 
(Muldren  and  Maliphant,  1962)  to  explain  TEP  by  this  without  tilts  mechanism 
must  be  considered  with  reserve. 


52 


Because  we  have  the  advantage  to  know  exactly  the  location  from  where  the 
return  pulses  are  triggered  hack,  we  can  compute  with  a fair  accuracy  the  ground 
distance  between  Athens  (23-74®E,  and  Roma  (27'76®E,  29-42‘’S).  This 

distance  is  exactly  7-490  km.  Ground  distance  time  delay  equals  24-97  ms.  As  it 
was  pointed  out  earlier  the  measured  time  delays  were  in  the  range  from  25-70  to 
26-20  ms.  Any  TEP  path  must  justify  then  the  measured  excess  delay  range  of 
0-73  to  1-23  ms. 

Various  possible  modes  were  investigated  from  the  time  delay  point  of  view  by 
using  simple  geometry.  The  parameters  used  were  the  J'2-layer  height  and  the 
arrival  and  firing  angles.  Also  simple  reflection  and  symmetry  of  the  circuit  were 
assumed. 

Three  possible  reflection  mechanisms  were  investigated : Those  that  involve  two 
or  three  reflections  from  the  ^’^-layer  with  intermediate  reflections  from  the  groimd 
(denoted  by  2F2,  3F2)  and  those  that  involve  two  reflections  from  the  layer,  but 
without  intermediate  reflection  from  the  ground  (the  ‘chorded  hop’  mod  denoted  by 
^F2).  The  minimum  time  delay  of  25-70  ms  as  well  as  the  most  commoi. , measured 
delay  of  25-90  ms  are  not  consistent  with  the  3F2  mechanism  which  would  give  a 
minimum  time  delay  of  26-35  ms  (for  hF2  = 300  km)  lying  completely  out  of  the 
range  of  measured  time  delays. 

On  the  other  hand  2F2  mode  would  give  at  minimum  a time  delay  of  25-80  ms 
(for  hF2  = 300  km)  which  lies  within  the  measured  range  of  time  delay.  Addition- 
ally ^F2  mechanism  for  the  circuit  under  consideration  gives  a time  delay  of  25-83  ms 
under  the  same  height  conditions.  It  is  thus  obvious  that,  it  is  not  possible  to 
discriminate,  the  actual  mechanism,  among  these  two  models,  by  the  use  of  only 
simple  geometry.  On  the  other  hand  the  observed  multipath  fading  may  arise  from 
mutual  interference  between  ^F2  and  2F2  modes. 

At  this  point  a much  more  elaborate  technique  for  ray  tracing  is  required.  This 
has  been  done  graphically  by  VUlard  et  al.  and  recently  by  Nielson  (1969),  who  used 
t)q)ical  latitudinal  profiles  of  foF2  and  layer  heights  of  an  afternoon  equatorial 
ionosphere  during  equinox,  in  order  to  calculate  oblique  ionog^ams,  through  a 
computer  program,  for  various  circuit  lengths.  While  the  time  delay  resulting  from 
the  above  mentioned  program  for  a trans-equatorial  circuit  of  7-780  km  is  26-5  ms 
the  complete  absence  of  the  2F2  mode  of  propagation  at  any  frequency  from  16  to 
62  MHz  is  very  striking.  This  can  be  qualitatively  understood  (Villakd  et  at.,  1957 ; 
McCue  and  Pyfe,  1965)  if  one  considers  that  at  the  time  of  a well  developed 
equatorial  anomaly  the  P^-layer  is  not  concentric  with  the  Earth,  but  exhibits  a 
tilted  shape  in  the  equatorial  region.  Thus  rays  for  a given  circuit  length  cannot  be 
returned  to  Earth  at  the  necessary  region  in  order  to  produce  2F2  mode,  through 
only  one  reflection  from  the  ionosphere. 

However,  at  this  point  it  should  be  pointed  out  that  some  morning  signals 
(0900-1000  LT)  of  reduced  field  strength  on  34  MHz,  at  times  when  the  equatorial 
anomaly  is  not  well  developed  could  be  attributed  to  the  2F2  propagation  mode.  In 
contrary,  the  strong  (commonly  above  free  space)  steady  and  of  short  time  delay 
signals  on  34  and  46  MHz  observed  in  the  afternoon  (1300-1900  LT)  when  the 
equatorial  anomaly  is  well  developed  should  definitely  be  attributed  to  the  *F2 
mechanism.  Following  the  geometry  of  Athens-Roma  path,  elevation  angle  for 
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^F2  propagation  mode  is  less  than  lO®.  As  indicated  by  Thomas  and  McInnes  (1962) 
for  these  angles  ray  focusing  occurs  leading  to  strong  and  steady  ‘echo’  configuration, 
often  observed  in  our  experiment. 

As  it  was  pointed  out  earlier  in  this  paper,  multipath  propagation  was  observed 
many  times.  This  multipath  is  characteristic  of  periods  of  the  day,  with  more  or 
less  small  signals  and  is  also  associated  with  the  phase  of  signal  strength  built  up  to 
the  steady  and  strong  with  no  multipath  or  stretching  condition,  or  with  the  decaying 
phase  from  these  conditions. 

Figure  5 is  an  excellent  example  of  the  signal  decaying  phase.  At  1905  of  this 
day  the  signal  had  completely  disappeared  and  was  not  observed,  any  more,  during 
the  same  day.  It  can  be  seen  that  a very  rapid  fading  exists  and  also  the  shape  of 
the  signal  is  violently  changing  (notice  individual  sweeps  in  each  picture). 

It  is  thought  that  this  condition  of  the  signal,  very  characteristic  of  its  evening 
disappearance,  arises  from  the  breaking  of  the  equatorial  anomaly  after  sunset 
Carman  et  al.  (1963). 

The  present  experiment  must  be  considered  as  a first  approach  to  the  problem  of 
the  determination  of  the  exact  mechanisih  of  trans-equatorial  propagation  by 
absolute  time  delay  measurements.  Further  measurements  to  be  performed  in 
the  next  equinoctial  and  solstitial  periods  will  support  or  modify  the  above 
statements. 
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APPENDIX  II 


4 


SIGNAL  RECEIVED 


34  MHz 


Date  Time 

(Local  time) 

26.  1.70  :600 

1700 

27.  1.70  0900 

1200,  1300 
1500 

1700  - 2000 

28.1.70  1000 

1400 

1600,  1700 

2000,  2100 

29.  1.70  1200 

No  obs.  1600  on  29.1.70  to  0800  on  30.1.70 

30.  1.70  1000  - 1200 

1600 

1700 

2000 

31.  1.70  1100 

1300  - 1600 
1700 
2000 

1.  2.70  1200 

1600,  1700 

2.  2.70  1600,  1700 

2000 

3.  2.70  1500 

1800 

2000  - 2200 

4.  2.70  ' "0  - 1300 

1500,  1600 

1700  - 1145  on  5.2.70  No  obs. 

5.  2.70  1200  - 1800 

2000 

6.  2.70  0900  - 1500 

1600  on  6.2.70  to  0900  on  7.2.70  No  obs. 

7.  2.70  1200 

1300  - 1800  No  obs. 
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M 

Date 

8.  2.70 

9.  2.70 

10.  2.70 

11.  2.70 

12.  2.70 

13.  2.70 

14.  2.70 

15.  2.70 

16.  2.70 

17.  2.70 

18.  2.70 


19.  2.70 
20.2.  70 
21.  2.70 


22.  2.70 

23.  2.70 


MHz 


Time 

(Local  time) 

1100  - 1600 
1900  - 2100 

1000 

1200 

1400,  1500 
1800  - 2100 

1100 

1400 

1600  - 1800 

2000,  2100 

1200 

2000,  2100 

1100,  1200 
1400,  1500 
1800 

1100 

1300  - 1800 
1000 

1200,  1600,  1700 
2000  - 2100 
2300 

No  obs 

1700 

1800  - 1400  on  17.2.70  No  obs. 

1500,  1600 

1100 

1300 

1600 

1800 

0900  - 1700 
1500  - 1800 
0700 

1100  - 1300 

1500,  1600 

1900  - 2300  No  obs. 

0900  *2100 

0900  - 1800 
2000 
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34  MHz 


Date 


Time 


[Local  time 


\ 

} 


24.  2.70  0900  - 1400,  1600,  1700 

2000 

25.  2.70  0900  - 1400 

1600  - 2000 

26.  2.70  0900,  1000 

1200  1400 

1800 

27.  2.70  1400,  1600 

2000 

28.  2.70  0800  - 1000 

1200,  1300 
1500  - 1800 

1.  3.70  0900  - 1100 

1300,  1500  - 2000 

2.  3.70  0900  - 1200 

3.  3.70  0900  - 1200 

1500  - 1700 

4.  3.70  0900 

1200 

1500 

1700 

5.  3.70  0900 

1200 

1500 

1700 

6.  3.70  0800,  0900 

1600,  1700 

7.  3.70  1700 

8.  3.70  0900 

1100 

1500 

1700 

9.  3.70  1100 

1500 

1700 

10.  3.70  1200 

1500,  1600 

11.  3.70  1500 

12.  3.70  1000 
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34  MHz 


Date  Time 

(Local  time) 


14.  3.70 

1000,  1200 

1400 

1600 

15.  3.70 

1700 

2000  on  15.3.70  to 

0900 

on  16.3.70 

No  obs 

16.  3.70 

1200,  1500,  1700 

17.  3.70 

1100  - 1600 

18.  3.70 

1200 

1500,  1600 

19.  3.70 

0900,  1100,  1200 
1500,  1700 

20.  3.70 

1500,  1600 

22.  3.70 

0900 

24.  3.70 

1500 

26.  3.70 

1100 

1300,  1700 

27.  3.70 

0900 

1100,  1200 

1900  on  27.3.70  to 

2200 

on  28.3.70 

No  obs 

30.  3.70 

0900 

31.  3.70 

1600,  1700 

1.  4.70 

1500,  1700 

2.  4.70 

1400  - 1700 

3.  4.70 

0900,  1000 

1200 

1500  - 1700 

1900 

4.  4.70 

0900,  1000 

1200 

1600,  1700 

0000  on  5.4.70  to 

1600  ( 

on  7.4.70  No  obs. 

7.  4.70 

1700 

8.  4.70 

1500 

1700 

9.  4.70 

0900,  1000 

1500 

1700 
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34  MHz  45.1  MHz 


Date 

Time 

Date 

Time 

(Local  time) 

(Local  time) 

10.  4.70 

0800  - 1100 

Observations  commenced  on  20.4. 

1700 

11.  4.70 

1200,  1500 

1700,  1800 

12.  4.70 

1500  - 1700 

13.  4.70 

0800,  0900 

1500  - 1700 

14.  4.70 

0900 

15.  4.70 

1200  - 1500 

1700 

16.  4.70 

0800  - 0900 

1100  - 1300 

1400,  1600 

17.  4.70 

1300 

1500  - 1800 

' 

18.  4.70 

1200 

1500 

1700 

19.  4.70 

1500 

1700 

20.  4.70 

0900 

1100,  1600,  1700 

20.  4.70 

1700 

21.  4.70 

1200,  1300 

21.  4.70 

1200 

1500,  1600 

1400  - 1800,  2000 

22.  4.70 

1400  - 1600 

22.  4.70 

1000 

1200  - 1800 

23.  4.70 

0800,  0900 

23.  4.70 

1300  - 1800 

1100  - 1500 

24.  4.70 

1200 

1300,  1500  - 1700 

25.  4.70 

1100 

1400  - 1700 

25.  4.70 

1200,  1300 

26.  4.70 

0900 

1200  - 1700 

26.  4.70 

1200  - 1500 

27.  4.70 

1300  - 1600 

27.  4.70 

1300,  1400 

1700 

28.  4.70 

1200,  1500,  1700 

28.  4.70 

1400,  1500 
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34  MHz  45.1  MHz 


Date 

Time 

(Local  time) 

Date 

Time 

CLocal  time) 

29.  4.70 

1200,  1500  - 1800 

29.  4.70 

1400  - 1800 

30.  4.70 

1500  - 1700 

1.  5.70 

1100 

1300,  1400,  1600 

1.  5.70 

1400,  1600 

2.  5.70 

1100,  1200 

1500  - 1800 

2.  5.70 

1900 

3.  5.70 

1300 

1600  - 1800 

4.  5.70 

1200-  1400 

1600 

4.  5.70 

1300 

1500  - 1700 

5.  5.70 

0800,  1300 

1600  - 1800 

6.  5.70 

1000,  1200 

1400  - 1700 

1900 

6.  5.70 

1300  - 1400 

7.  5.70 

1200 

1400 

1600,  1700 

8.  5.70 

1200,  1300 

1600  - 1800 

9.  5.70 

1400  - 1900 

10.  5.70 

1200 

1500  - 1800 

11.  5.70 

1500 

11.  5.70 

1400 

1500 

12.  5.70 

1100,  1500 

1600,  1800,  1900 

13.  5.70 

1100,  1200 

1400  « 1700 

13.  5.70 

1300  - 1800 

14.  5.70 

1100,  1200 

1400  - 1700 

14.  5.70 

1600 

15.  5.70 

1100  - 1300 

1600 

15.  5.70 

1400 

1600 

16.  5.70 

1200,  1300 

16.  5.70 

1400 

17.  5.70 

1300  - 1800 

18.  5.70 

1400  - 1600 
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34  MKz  45.1.  MHz 


Date 

Time 

(Local  time) 

Date 

Time 

(Local  time) 

19.  5.70 

1200,  1300,  1700 

20.  5.70 

0800 

1600,  1700 

21.  5.70 

1200,  1300 

1500 

1700,  1800 

22.  5.70 

1200,  1400,  1700,  1800 

23.  5.70 

1700,  1800 

24.  5.70 

1400 

1700 

25.  5.70 

1200 

1900 

25.  5.70 

1000  on  25.5.70  to 
1200  on  26.5.70  No 

26.  5.70 

1600  - 1800 

obs. 

29.  5.70 

1300 

1600,  1700 

30.  5.70 

1600 

31.  5.70 

1100  - 2000  No  obs. 

1.  6.70 

1500  - 1600 

2.  6.70 

1000  - 1300 

1500  - 1700 

3.  6.70 

1300  - 1500 

1800 

4.  6.70 

1200  - 1400 

4.  6.70 

1300,  1400 

5.  6.70 

1300  - 1500,  1700 

5.  6.70 

1400,  1500,  1700 

6.  6.70 

1700,  1800 

6.  6. 70 

1900 

7.  6.70 

No  obs. 

7.  6.70 

No  obs. 

8.  6.70 

1500  - 1800 

9.  6.70 

1300 

1500 

1800,  1900 

10.  6.70 

1400  - 1600 

11.  6.70 

1500 

12.  6.70 

to  16.6.70  No  obs 

12.  6.70 

to  16.6.70  No  obs. 

17.  6.70 

1800 

18.  6.70 

1600 
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34  MHz 


45.1  MHz 


Date 

Time 

(Local  time) 

Date 

Time 

(Local  time) 

19.  6.70 

1600 

20.  6.70 

1600 

1800 

21.  6.70 

1600  - 1800 

22.  6.70 

1000,  1700, 

1800 

23.  6.70 

1700 

23.  6.70 

1700,  1800 

24.  6.70 

1100  ~ 1300 
1500  - 1700 

No 

obs. 

24.  6.70 

1100  - 1300 
1600,  1700 

No 

obs. 

25.  6.70 

1200  « 1500 
1700,  1800 

No 

obs. 

25.  6.70 

1200  - 1200 
No  obs. 

on 

26.6.70 

26.  6.70 

1200  ~ 1100 

on 

29.6.70  No  obs. 

26.  6.70 

No  obs. 

29.  6.70 

0000  - 1100 
1600,  1800 

No 

obs. 

30.  6.70 

1100  - 1400 

No 

obs. 

30.  6.70 

1100  - 1400 

No 

obs. 

1500  - 1700 

1.  7.70  1600,  1700 

2.  7.70  1600  - 1800 

3.  7.70  1400 

1600 

4.  7.70  and  5.7.70  No  obs  4.  7.70  and  5.7.70  No  obs. 

6.  7.70  1200 

1700  - 1900 

7.  7.70  1200 

1400 

1600 

1800 

8.  7.70  1000 

1700,  1800 

9.  7 70  1600  - 1800  9.  7.70  0900 

10.  7.70  1000  ~ 1200 

1400 

1700,  1900 

11.  7.70  1200 

1500 

1700,  1800 
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34  MHz 


45.1  MHz 


Date 

12.  7.70 

13.  7.70 

15.  7.70 

16.  7.70 

19.  7.70 

20.  7.70 

21.  7.70 

22.  7.70 

23.  7.70 

24.  7.70 

25.  7.70 

26.  7.70 

27.  7.70 

28.  7.70 

29.  7.70 

30.  7.70 

31.  7.70 

1.  8.70 

2.  8.70 

5.  8.70 
9.  8.70 

11.  8.70 


Time 


(Local  time) 


Date  Time 

(Local  time) 


1400 

1600,  1700 
1800 

1700 

1900 

1800 

1500  - 1700 
1800 
0900 

0800  - 1000  No  obs. 
0200  - 1100  No  obs. 


1600,  1700 
1900 

1300,  1400 
1600  - 1800 

0900 

1200  - 1400 
1600  - 1900 

1200  - 1200  on  28.7.70  No  obs. 

1700  - 1900 

1300,  1400 
1600  - 1900 

1700  - 1900 

1600  - 1900 

0800,  0900 
1300,  1400 
1800,  1900 

1500,  1600 
1900 

1700 

1300,  1400 

1600 

1900 

1300  - 1700 


0800  - 1000  No  obs.  21.  7.70 

0200  - 1100  No  obs.  22.  7.70 
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34  MHz  45.1  MHz 


Date 

Time 

(Local  time) 

Date 

Time 

(Local  time) 

12.  8.70 

1500  - 1700 

15.  8.70 

1700 

17.  8.70 

1600,  1700 

18.  8.70 

1300  - 1700 

19.  8.70 

1100  - 1300 

1500  - 1700 

20.  8.70 

1300 

1600,  1700 

21.  8.70 

1400 

1600  - 1800 

30.  8.70 

2000 

22.  8.70 

to  31.8.70  No  obs 

31.  8.70 

1900 

1.  9.70 

to  30.9.70  No  obs 

1.  9.70 
5.  9.70 

1800 

1900 

9.  9.70 

1900  - 2100 

10.  9.70 

1900,  2000 

11.  9.70 

1000  - 1400  No  obs 
1900 

12.  9.70 

and  13.9.70  No  obs 

14.  9.70 

1500 

15.  9.70 

1800  - 2000 

16.  9.70 

1900,  2000 

17.  9.70 

to  21.9.70  No  obs. 

22.  9.70 

2000 

23.  9.70 

2000 

24.  9.70 

1900,  2000 

25.  9.70 

1900,  2000 

26.  9.70 

1800 

2000 

27.  9.70 

1800 

28.  9.70 

1800 

2000 

29.  9.70 

1300,  1900,  2000 

30.  9.70 

1800  - 2000 
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34  MHz 


45.1  MHz 


Date 

Time 

(Local  time) 

Date 

Time 

(Local  time) 

1.10.70 

to  15.10.70  No  obs. 

1.10.70 

1800 

2100 

2.10.70 

1600 

1800 

2000,  2100 

3.10.70 

1800  - 2000 

4.10.70 

2000 

5.10.70 

1700  - 1900 

6.10.70 

1800  - 2100 

7.10.70 

1400  - 1800 
2000  - 2200 

8.10.70 

1900,  2000 

9.10.70 

1800  - 2100 

10.10.70 

1900  - 2100 

11.10.70 

1900 

12.10.70 

1700,  1900, 

2000 

13.10.70 

1300,  1400 
1500  - 1600 
1700  - 2000 

No  obs 

14.10.70 

1200  - 2000 

15.10.70 

1300  - 1600 
1700  - 2200 

16.10.70 

1100  - 1900 

16.10.70 

1700  - 2100 

17.10.70 

0900  - 1700 

17.10.70 

1200 

1500  - 2100 

18.10.70 

0800 

1100  - 1500 

1700 

18.10.70 

1100,  1200. 
1400 

1500 

1900 

2000 

19.10.70 

0800  - 1600 

19.10.70 

1600  - 2100 

20.10.70 

0900  - 1600 

20.10.70 

1600,  1800  - 

• 2000 

21.10.70 

0900  - 1600 

21.10.70 

1900  - 2100 

22.10.70 

0900  - 1700 

1900,  2100 

22.10.70 

1200 

1900  - 2100 
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Date 


34  MHz 


Date 


45.1  MHz 


Time 

(Local  time) 


Time 

(Local  time) 


23.10.70 

0800  - 1000 

1300  - 1500 

1600 

24.10.70 

0800  - 1000  No  obs. 
1100  - 1600 

25.10.70 

0900  - 1700 

26.10.70 

0800  - 1100 

1400  - 1700 

27.10.70 

1000 

1100 

1300  ~ 1600 

28.10.70 

0800,  0900 

1100  - 1400 

1600 

1700 

29.10.70 

0900 

1300  - 1700 

30.10.70 

0900 

1100 

1300  - 1500 

1700 

31.10.70 

0800  - 1700 

1900 

1.  11.70 

0800  - 1500 

1700  - 1900 

ro 

o 

1000  - 1900 

3.11.70 

1000 

1500,  1600 

1900 

4.11.70 

1100  - 1900 

2000 

5.11.70 

0800,  1100  - 1600 

6:11.70 

0800,  1100 

1400  - 1700 

23.10.70 

1300  - 

1600 

24.10.70 

25.10.70 

0800  - 
1300  - 

1800 

1900 

2100 

1000  No  obs. 
2100 

26.10.70 

1800  - 

2300 

27.10.70 

1200  - 

2400 

28.10.70 

1800  - 

2200 

29.10.70 

1200  - 

2100 

30.10.70 

1200  - 
1800  - 

1400 

2100 

31.10.70 

1200 

- 1400 

1900 

- 2000 

1.11.70 

1300 

1800 

- 2100 

2.11.70 

1200 

1400 

1900 

- 2100 

3.11.70 

1500 

- 1800 

2000, 

, 2100 

5.11.70 

1600  - 
2100 

1800 

6.11.70 

1500  - 

1900 
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11 

MHz 

.1  MHz 

Date 

Time 

Date 

Time 

(Local  time) 

CLocal  time) 

7.11.70 

1200,  1400  - 

1900 

00 

• 

• 

o 

0800  - 1600 
1800 

2000 

9.11.70 

0800  - 1000 
1200  - 1800 

10.11.70 

1100  - 1700 
1900 

2000 

11.11.70 

1000  - 1300 
1500  - 1700 

12.11.70 

0900 

1100  - 1700 

12.11.70 

1200  - 2100 

13.11.70 

0800,  0900 
1200  - 1400, 
2100 

. 1700 

13.11.70 

2000 

14.11.70 

1000 

1300  - 1500 
1700,  1800 

15.11.70 

1600 

15.11.70 

2000 

1900 

16.11.70 

1000,  1300, 
1600 

1700 

1400 

17.11.70 

1500,  1600, 

1900 

17.11.70 

1500,  1900  • 

18.11.70 

1000 

1200 

1400 

1600  - 1800 
2100 

20.11.70 

1400 

1700,  1800 
2000,  2100 

21.11.70 

1400 

1600 

1700 

22.11.70 

1600 

23.11.70 

1100  - 1200 
1400,  1700, 

1800 
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MHz 

45. 

1 MHz 

Date 

Time 

(Local  time) 

Date 

Time 

(Local  time) 

25.11.70 

1100 

1300,  1500  - 
1900 

1700 

26.11.70 

0900,  1000, 
1500,  1600 

1200 

26.11.70 

1300  - 1800 
2000 

27.11.70 

1600 

27.11.70 

2100 

28.11.70 

0800  - 1200 

on  30.11.70 

No 

obs. 

28.11.70 

0800  - 1200  on 
No  obs 

30.11.70 

30.11.70 

1400  - 1700 
2000 

30.11.70 

2100 

1.12.70 

1000  - 1400 
1600,  1800 

2.12.70 

2100 

3.12.70 

1000  - 1700 

4.12.70 

1000,  1100 
1300  - 1600 
1800 

5.12.70 

1100,  1200 
1500  - 1900 

6.12.70 

0900,  1400 
1600 

1700  - 1900 

7.12.70 

1300  - 1700 

7.12.70 

1700-  1900 
■2100 

8.12.70 

0900,  1200  ■ 
1600 

1900  - 2100 

' 1400 

8.12.70 

1400  - 1600 
2100 

9.12.70 

1300 

1400,  1500 
1700,  2000 

10.12.70 

1100  - 1500 

10.12.70 

1600 

ro 

o 

0000  - 1600 

on  14.12.70 

No 

obs. 

12.12.70 

1600  - 1800 

14.12.70 

1700 

15.12.70 

0900, 

1300,  1600, 

1700 

16.12.70 

0900,  1400, 
1600,  2000 

17.12.70 

1100,  1300 
1400  - 1300 

on  18.12.70 

No 

obs. 

17.12.70 

0000  - 1300  on 
No  obs. 

18.12.70 
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34  MHz 

45. 

1 MHz 

Date 

Time 

Date 

Time 

(Local  time) 

(Local  time) 

19.12.70 

1600 

20.12.70 

2000 

21.12.70 

1600 

23.12.70 

1200 

24.12.70 

1200,  1300, 

1500 

25.12.70 

1300 

26.12.70 

1200,  1400 

27.12.70 

1200,  1300 

27. 

12.70 

1300 

28.12.70 

1100,  1200 

29.12.70 

1200 

31.12.70 

1200,  1300 

31. 

12.70 

1400 

1.  1.71 

1100  - 1300 

1. 

1.71 

1200  - 1600 

2.  1.71 

1500 

3.  1.71 

1200,  1500, 

2000 

6.  1.71 

1300  - 1800 

9.  1.71 

2000 

11.  1.71 

1100 

12.  1.71 

1500,  2000 

13.  1.71 

1200  - 1400 

No  obs. 

13. 

1.71 

1200  - 1300  No 

obs. 

1500 

1400 

1500 

16.  1.71 

1500 

16. 

1.71 

1400 

19.  1.71 

1100 

19. 

1.71 

1600  - 2000  No 

obs. 

1600  - 2000 

No  obs. 

21. 

1.71 

1600,  1800 

22.  1.71 

1000  No  obs 

22. 

1.71 

1000  No  obs 

1600 

23.  1.71 

1300,  1400 

1600,  1800 

25. 

1.71 

1000  - 1200  No 

obs. 

25.  1.71 

1000  - 1200 

No  obs. 

1500 

2.  2.71 

0900  - 1200 

on  3.2.71  No  obs. 

2. 

2.71 

0900  - 1200  on 

3.2.71 

No  obs. 

4.  2.71 

1300,  1400  and  1600  No  obs. 

4. 

2.71 

1300,  1400  and 

1600 

No  obs. 
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34  MHz  45.1  MHz 


Date 

Time 

Date 

Time 

(Local  time) 

(Local  time) 

5.2.  71 

1400  and  1600  1 

'io  obs. 

5. 

2.71 

1400  and  1600  No  obs 

11:  2.71 

1700 

11. 

2.71 

1900 

16.  2.71 

1500 

16. 

2.71 

1900 

18.  2.71 

1100  - 1900  No 

obs. 

18. 

2.71 

1100  - 1900  No  obs. 

20.  2.71 

1500 

21.  2.71 

1500 

22.  2.71 

1000 

1100  - 1500 

No 

obs. 

22. 

2.71 

1100  - 1500  No  obs. 

23.  2.71 

1300,  1400 
1500,  1800 

23. 

2.71 

1400  - 2000 

24.  2.71 

1000,  1100 

24. 

2.71 

1000  No  obs. 

1300  No  obs. 

1800 

25.  2.71 

1000,  1100, 
1400,  1600 

26.  2.71 

No  obs. 

27.  2.71 

1500,  1600 

27. 

2.71 

1900,  2000 

28.  2.71 

1500,  1600 

28. 

2.71 

1900 

1.  3.71 

1300  - 1500 

1. 

3.71 

1700 

1900,  2000 

2.  3.71 

1500 

2. 

3.71 

1600 

2000 

2200 

3.  3.71 

No  obs 

4.  3.71 

No  obs 

4. 

3.71 

1900  - 2000 

5.  3.71 

1000  - 1600 

No 

obs. 

5. 

3.71 

1800  - 2000 

6.  3.71 

1500,  1600 

6. 

3.71 

2000 

8.  3.71 

2000  - 1800 

on 

9.3.71  No  obs. 

7. 

3.71 

1900,  2000 

11.  3.71 

0800 

9. 

3.71 

1600,  1800,  1900 

1300 

10. 

3.71 

1200 

12.  3.71 

1000  - 1200 

on 

13.3.71  No  obs. 

12. 

3.71 

1300  - 1900 

14.  3.71 

1200,  1300 

15.  3.71 

0900  - 1600 

15. 

3.71 

1000 

1600  - 1700 

16.  3.71 

1100  - 1400 

16. 

3.71 

1300,  1800 

1600 
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11 

MHz 

45. 

1 MHz 

Date 

Time 

(Local  time) 

Date 

Time 

(Local  time) 

17.  3.71 

1000  - 1300 
1500,  2000 

17.  3.71 

1800,  1900 

18.  3.71 

1100,  2000 

18.  3.71 

1600  - 2000 

19.  3.71 

1100,  1400  - 

2000 

20.  3.71 

0800  - 2000 

20.  3.71 

1300,  1400 
1900 

21.  3.71 

0900  - 1500 
laOO,  2000 

22.  3.71 

0900  - 2000 

22.  3.71 

2000 

23.  3.71 

1100  - 2000 

24.  3.71 

1100  - 2000 

25.  3.71 

1000  - 1400 
1600,  1700 
1900,  2000 

25.  3.71 

1200,  1400  ■ 
1900,  2000 

26.  3.71 

1200  - 1900 

27.  3.71 

1000  - 2000 

27.  3.71 

1300  - 1800 

28.  3.71 

No  obs. 

28.  3.71 

No  obs. 

29.  3.71 

1100  - 1600 
1800,  2000 

29.  3.71 

1300  - 1700 

30.  3.71 

1100  - 180C 

30.  3.71 

1300  - 1700 

31.  3.71 

1000,  1100 
1300  - 1800 

1.  4.71 

0900  - 1900 

2.  4.71 

1300  - 1900 

3.  4.71 

1100,  1300  - 
1700  - 1900 

1500, 

4.  4.71 

0800  - 1200 
1400  - 2000 

5.  4.71 

1200  - 1900 

6.  4.71 

1000,  non 
1800 

6.  4.71 

1500  - 1700 

7.  4.71 

0900  - 1900 

7.  4.71 

1400,  1500, 
1900 

8.  4.71 

0900  - 1900 

9.  4.71 

0800,  0900, 
1300  - 1800 
2000 
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34  MHz 


Time 

(Local  time) 


Date 


Date 


45.1  MHz 


Time 

(Local  time) 


10.  4.71 

1000 

- 1100 

1500 

- 1700 

1900 

11.  4.71 

0900 

11.  4.71 

1300 

1100 

- 1900 

1600 

12.  4.71 

0800 

12.  4.71 

1100,  1300 

1000 

- 1100 

1300 

- 1900 

13.  4.71 

1000 

- 1900 

13.  4.71 

1200,  1300 
1600  - 1800 

14.  4.71 

1100 

- 1800 

14.  4.71 

1200  - 1400 
1600 

15.  4.71 

1800 

16.  4.71 

0900 

- 1900 

16.  4.71 

1100,  1200 

17.  4.71 

0900 

1100 

- 1900 

18.  4.71 

0900 

- 1300 

1500 

- 1900 

19.  4.71 

1000 

- 1800 

19.  4.71 

1400 

2000 

1700 

20.  4.71 

1100, 

, 1300  - 1900 

21.  4.71 

1200 

- 2000 

21.  4.71 

1600,  1800 

22.  4.71 

1000 

- 1800 

22.  4.71 

1100  - 1600 

23.  4.71 

0800 

23.  4.71 

1700,  1800 

1200. 

, 1300 

1600 

- 1800 

24.  4.71 

1200 

- 1600 

1800 

25.  4.71 

1200 

- 1400 

1600, 

, 1800 

26.  4.71 

1200 

26.  4.71 

1700  - 1800 

1400 

- 1800 

27.  4.71 

1300 

- 1900 

28.  4.71 

1200 

- 1800 

28.  4.71 

1600  - 1700 

29.  4.71 

1200 

- 1700  No  obs. 

JO.  4.71 

1200 

- 1800 
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34  MHz 


45.1  MHz 


Date 

Time 

(Local  time 

Date 

Time 

(Local  time) 

1.  5.71 

1300  - 1800 

2.  5.71 

1000  - 1800 

2.  5.71 

1700 

3.  5.71 

1000,  1100 

1300  - 1800 

4.  5.71 

0800  - 1700 

4.  5.71 

1200 

5.  5.71 

1300  - 1800 

5.  5.71 

1700 

6.  5.71 

1200  - 1800 

6.  5.71 

1600 

7.  5.71 

1100,  1300  - 1600 

1800,  1900 

7.  5.71 

1400 

1600  - 1800 

8.  5.71 

0900 

1100  - 1800 

9.  5.71 

1200  - 1700 

10.  5.71 

1100  - 1700 

11.  5.71 

1200  - 1500 

1700 

11.  5.71 

1300 

12.  5.71 

1200  - 1800 

2000 

12.  5.71 

1500,  1700 
2100 

13.  5.71 

1100  - 1400 

1600,  1700 

14.  5.71 

1200  - 1800 

15.  5.71 

1300  - 1700 

16.  5.71 

1200  - 1800 

2000 

16.  5.71 

1700,  1800 
2000 

17.  5.71 

1300  - 1800 

17.  5.71 

1600,  1800 

18.  5.71 

1100  - 1600 

1800,  1900 

18.  5.71 

1800 

19.  5.71 

1100  - 1800 

19.  5.71 

1700 

20.  5.71 

1000  - 1800 

20.  5.71 

1500  - 1600 

21.  5.71 

1300  - . .jO 

21.  5.71 

1800 

22.  5.71 

1500  - 1700 

23.  5.71 

No  obs 

1600,  1700 

. 1800-1130  on  24.5.71 

24.  5.71 

1300  - 1700 

24.  5.71 

1500 

25.  5.71 

1300,  1700,  1800 
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34  MHz 


Date 


45.1  MHz 


26.  5.71 

1500,  1800,  1900 

27.  5.71 

1600 

30.  5.71 

1400,  1500  - 1900 

31.  5.71 

1300,  1500,  1600 

1.  6.71 

1600 

2.  6.71 

0900,  1600,  1700 
1900 

3.  6.71 

1200  - 1600 

1900,  2000 

4.  6.71 

1000,  1100 

1300  - 1800 

5.  6.71 

1000,  1300 

1400,  1600 

1800,  1900 

6.  6.71 

1200  - 1700 

2000 

7.  6.71 

1200  - 1800 

8.  6.71 

1100  - 2400 

10.  6.71 

No  obs. 

11.  6.71 

1500  No  obs. 

14.  6.71 

1600,  1700 

18.  6.71 

1700,  1800 

19.  6.71 

1500 

20.  6.71 

1800 

23.  6.71 

1200,  1400  - 1600 

26.  6.71 

1500  - 1700 

27.  6.71 

1800 

28.  6.71 

1400 

30.  6.71 

1700 

1.  7.71 

1500  - 1700 

2.  7.71 

1800 

4'.  7.71 

1800 

6.  7.71 

1600 

4.  6.71  1600 


10.  6.71  1500  No  obs. 
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34  MHz 


45.1  MHz 


Date  Time 

(Local  time) 


9.  7.71 

1300,  1500 

10.  7.71 

1500 

13.  7.71 

1100 

23.  7.71 

1300,  1600, 

1800 

25.  7.71 

1400 

29.  7.71 

1800 

31.  7.71 

1600,  1700 

2.  8.71 

1500,  1700, 

1800 

3.  8.71 

1600,  1700 

4,  8.71 

1800 

5.  8.71 

1100 

19.  9.71 

0500  - 1100 

on  2.10.71 

No 

obs. 

2.10.71 

1100  - 1500 
1700 

3.10.71 

1200  - 1500 
1700  - 1800 

4.10.71 

1000,  1100, 
1400  No  obs. 

1800 

5.10.71 

1200 

5.10.71 

1300  - 1700 

on  6.10.71 

No 

obs. 

6.10.71 

1700  - 1800 
2000 

7.10.71 

1000  - 1800 

8.10.71 

0900,  1000 
1400  - 2000 

9.10.71 

1200  - 1300 
1500  - 1800 

10.10.71 

1200 

1400  - 1700 
1800  - 2000 

11.10.71 

1600  - 1800 

12.10.71 

1300  - 2000 

13.10.71 

1100  - 1500 
1700,  1800 

Date  Time 

(Local  time) 


20.  8.71  1700 

19.  9.71  0500  - 1900  on 

6.10.71  No  obs. 


13.10.71  1800,  1900 
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34  MHz 


Date 


45.1  MHz 


Date 


14.10.71 

15.10.71 

16.10.71 

17.10.71 

18.10.71 

19.10.71 

20.10.71 

21.10.71 

22.10.71 

23.10.71 

24.10.71 

25.10.71 

26.10.71 

27.10.71 

28.10.71 

29.10.71 

30.10.71 

31.10.71 
1.11.71 


Time 

(Local  time) 


Time 

(Local  time) 


1400  - 1900 

1000  - 1300 
1500  - 1700 

1100  - 2000 

1400  - 1800 
2000 

0900 

1300  - 1700 

1100  - 1700 
1900 

1300  - 1600 

1200  - 1500 
1900  - 2000 

1600,  1700 
1900 

1200  - 1700 
1900  - 2200 

1300  - 1400 
1600 

1800,  1900 
1200  - 2000 
1100  - 1500 
1200 

1400  - 1600 
1800  - 2100 

1100-  1200 
1400  - 1600 
1900 

0900  - 1000 
1200  - 1500 
2000,  2100 

0800,  1400  - 1600 
1900,  2000 

1300  - 1700 
2000 

1600,  1700 
1900  - 2100 


77 


MHz 

45.1  MHz 

Date 

Time 

Date  Time 

(Local  time) 

(Local  time) 

2.11.71 

1300  - 1800 

2100 

3.11.71 

1200,  1300 

1500  - 1900 

4.11.71 

1100  - 1800 

2000 

5.11.71 

1100  - 2000 

6.11.71 

1200  - 1700 

1900  - 2100 

7.11.71 

1400  - 1600 

1800,  2000,  2100 

8.11.71 

1200  - 1400 

9.11.71 

1000  - 1600 

1800,  2000 

10.11.71 

1100,  1200,  1400 

1600,  1900,  2100 

11.11.71 

0800,  1100 

1200  - 1700 

1900  - 0900  on  12.11.71  No  obs. 

12.11.71 

1000  - 1700 

1900,  2100 

12.11.71  1800 

13.11.71 

1000  - 1700 

1900 

14.11.71 

1100  - 1500 

1700,  2000 

15.11.71 

1200  - 1700 

16.11.71 

1100  - 1900,  2100 

17.11.71 

1100  - 1400 

1800,  2100 

18.11.71 

1100  - 1400 

19.11.71 

1100  - 1400, 

1600,  1800,  2100 

20.11.71 

1000,  1600,  1800 

1900,  2100 

20.11.71  1600 

21.11.71 

1300  - 2100 

21.11.71  1900 
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34  MHz 


Date 


45.1  MHz 


Date 


Time 

(Local  time) 


22.11.71 

1000 

1200  - 1400 
1800 

23.11.71 

0900 

1600  - 2000 

25.11.71 

1600 

1800  - 2000 

26.11.71 

1900,  2000 

27.11.71 

1100  - 1900 
2100 

28.11.71 

1100  - 1700 
1900  - 2100 

29.11.71 

1200  - 1400 
1700,  1800 

30.11.71 

1400,  1600, 
1900,  2100 

1700 

1.12.71 

1400  - 1800 
2000,  2100 

2.12.71 

1100,  1300  - 

• 1600 

3.12.71 

1100  - 2000 

4.12.71 

1300  - 1900 

5.12.71 

1000  - 1700 

6.12.71 

1300  - 1800 

7.12.71 

1100,  1200 
1600  - 1800 

8.12.71 

1300,  1500, 

2100 

9.12.71 

1300,  1400, 

1600 

10.12.71 

1200,  1300, 

1800 

11.12.71 

1100  - 1300 
1500,  1700, 

1800 

12.12.71 

1300  No  obs 
1400,  1500, 

1700,  1900 

13.12.71 

1600,  1700, 

1900 

14.12.71 

1400,  1700, 

2100 

15.12.71 

1300  - 1800 

2000,  2100 


Time 

CLocal  time) 
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34  MHz 

45.1  MHz 

Date 

Time 

(Local  time) 

Date  Time 

(Local  time) 

16.12.71 

1500,  1800 

2100,  2200 

17.12.71 

1200 

1700  - 2100,  2300 

19.12.71 

1600,  1700 

20.12.71 

1200;  No  obs  at  1300 

1400  - 1800 

2100,  2300 

21.12.71 

1400  - 1900 

2100,  2200 

22.12.71 

1300  - 1600 

23.12.71 

1300,  1400 

1600  - 1900,  2100 

24.12.71 

1300  - 1500 

1700,  2000,  2100 

25.12.71 

1300  - 1500 

1700 

26.12.71 

1300  - 1500 

1800,  2100 

1 

27.12.71 

1400,  2100,  2200 

28.12.71 

1600  - 1800 

2100 

29.12.71 

1000,  1200,  1300 

1500,  1600 

1800  - 2000 

31.12.71 

1400,  1500 

2.  1.72 

1300 

3.  1.72 

1200  - 1400 

4.  1.72 

1300,  ’00 

5.  1.72 

1100  - 1400 

8.  1.72 

1500,  1600 

9.  1.72 

1200,  1400,  1500 

10.  1.72 

1200,  2100 

12.  1.72 

1100,  1300,  1600 

13.  1.72 

1100  - 1300,  1500 

80 

34  MHz  45. 

Date  Time  Date 

(Local  time) 


14. 

1.72 

1200,  1300,  1600  - 2100 

15. 

1.72 

1200  - 1700 

16. 

1.72 

1200,  1300,  1500,  1600 

17. 

1.72 

1300,  1400 

18. 

1.72 

1500,  1800 

19. 

1.72 

1300,  1400 

ro 

o 

1.72 

1400,  1500 

21. 

1.72 

1300,  1400,  1600 

22. 

1.72 

1400,  1600,  2000 

23. 

1.72 

1100  - 1500,  1900 

24. 

1.72 

1000  - 1400,  1600 

1900  - 2200 

25. 

1.72 

1200  - 1900 

26. 

1.72 

1000  - 1500,  1700  - 2300 

27. 

1.72 

1100  - 2000,  2200 

ro 

00 

1.72 

1100  - 2200 

29. 

1.72 

1200  - 1700,  1900,  2000 

CO 

o 

1.72 

1200  - 2100 

31. 

1.72 

1000  - 2100 

1. 

2.72 

1100  - 1500,  1700,  1900  - 2100 

2. 

2.72 

1000,  1100,  1300  - 1700, 

2100 

3. 

2.72 

1200,  1300,  1500  - 1700 

4. 

2.72 

1200  1700,  1900 

5. 

2.72 

1100  - 1700,  2000,  2100 

6. 

2.72 

1400  - 1700,  2100,  2200 

7. 

2.72 

1300  - 1700,  1900,  2100 

8. 

2.72 

1300  - 1500,  1700,  1900, 

2100 

9. 

2.72 

1200  - 1900 

MHz 

Time 

(Local  time) 
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34  MHz  45.1  MHz 


Date 

Time 

(Local  time) 

Date 

Time 

(Local  time) 

10.  2.72 

1500, 

, 1600,  1800 

11.  2.72 

1300 

- 1900 

12.  2.72 

1200 

- 2000 

13.  2.72 

1300 

2100 

- 1600,  1800,  1900, 

14.  2.72 

0900. 

1800 

, 1200,  1500, 

- 2100 

15.  2.72 

1600 

- 2000 

16.  2.72 

1100 

2100 

- 1500,  1800,  1900, 

17.  2.72 

1000 

- 1800 

17.  2.72 

1300,  1400 

18.  2.72 

1100 

- 1700 

19.  2.72 

0900 

- 1900 

20.  2.72 

1200 

- 2100 

20.  2.72 

1300,  1400 

21.  2.72 

1100 

- 2100 

22.  2.72 

1000 

- 2200 

23.  2.72 

1200 

- 180C.  2000 

23.  2.72 

1300,  2000 

24.  2.72 

0900 

- 1900 

25.  2.72 

0800 

- 2000 

26.  2.72 

0800, 

, 1000  - 2000 

26.  2.72 

1200 

27.  2.72 

0800 

- 2200 

27.  2.72 

1200,  2000 

28.  2.72 

0900 

- 2100 

28.  2.72 

1200 

29.  2.72 

1000 

- 2100 

29.  2.72 

1200,  1300,  1700 
1800 

1.  3.72 

0900 

- 2000 

1.  3.72 

1200,  1300 

2.  3.72 

0800 

- 1500,  1700  - 2000 

3.  3.72 

1000 

- 140U,  1600  - 1800 

3.  3.72 

1400 

4.  3.72 

0900 

- 1700,  1900  - 2100 

5.  3.72 

0800 

- 1800,  2000 

6.  3.72 

1400 

- 1700 

7.  3.72 

1000 

- 2000 

8.  3.72 

0900 

1700 

- 1200,  1400,  1500 

- 2000 
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B 


34  MHz 


45.1  MHz 


Date 

Time 

(Local  time) 

Date 

Time 

(Local  time) 

9.  3.72 

0800  - 2000 

10.  3.72 

0900  - 1100,  1300,  1400, 

1700,  1900,  2000 

11.  3.72 

1000  - 2100 

11.  3.72 

2000 

12.  3.72 

0900  - 1400,  1600  - 1900 

12.  3.72 

1900 

13.  3.72 

0900  - 1400,  1600  - 2200 

13.  3.72 

2000 

14.  3.72 

1000  - 1900 

15.  3.72 

1200  - 2100 

15.  3.72 

1300,  1400,  1600' 
2000,  2100 

16.  3.72 

1200  - 2000 

16.  3.72 

1900 

17.  3.72 

1000  - 1900 

2000  on  17.3.72  to  1800  on 
19.3.72  No  obs. 

17.  3.72 

2000  to  1800  on 
19.3.72  No  obs. 

19.  3.72 

1800  - 2300 

19.  3.72 

1900,  2000 

20.  3.72 

0700  - 2200 

21.  3.72 

1000  - 2200 

21.  3.72 

1800 

22.  3.72 

0800  - 2000 

23.  3.72 

0800  - 1800,  2100,  2300 

24.  3.72 

0900  - 1800 

24.  3.72 

1600,  1800 

25.  3.72 

1000  2000 

26.  3.72 

0900  - 2100 

26.  3.72 

1900,  2000 

27.  3.72 

0800  * 2100 

27.  3.72 

1500,  1800,  1900 

28.  3.72 

0900  - 2200 

28.  3.72' 

1700  - 2000 

29.  3.72 

0900  - 2000 

29.  3.72 

1700 

30.  3.72 

1000  - 2100 

30.  3.72 

1800 

31.  3.72 

0900  - 1700 

1.  4.72 

0800  - 1100,  1300  - 1900 

2.  4.72 

0900  - 2000 

2.  4.72 

1200,  1500,  1600 

3.  4.72 

1100  - 1900 

3.  4.72 

1500 

4.  4.72 

1100  - 1900 

4.  4.72 

1700. 

5.  4.72 

0800  - 1900 
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34  MHz 


45.1  MHz 


Date 

Time 

(Local  time) 

Date 

Time 

(Local  time) 

6.  4.72 

1000  - 1900 

6.  4.72 

1300,  1500  - 1700 

7.  4.72 

1100  - 1900 

8.  4.72 

1000  « 1900,  2100 

8.  4.72 

140u,  1500,  1700, 
1900 

9.  4.72 

1100  - 2000 

9.  4.72 

1600,  1800,  1900 

10.  4.72 

1100  - 1900 

10.  4.72 

1900 

11.  4.72 

0800,  1000,  1200  - 2000 

12.  4.72 

0800  - 1900 

12.  4.72 

1300  - 1700 

13.  4.72 

1000  - 1300,  1500  - 1800 

13.  4.72 

1200 

14. -4.72 

0800  - 1700 

14.  4.72 

1200,  1300,  1500, 
1600 

15.  4.72 

No  obs 

15.  4.72 

No  obs 

16.  4.72 

No  obs 

16.  4.72 

No  obs 

17.  4.72 

1000  - 1800 

18.  4.72 

0900,  1200  - 2000 

* 

♦ 
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APPENDIX  III 

SIGNAL  STRENGTH  AND  OCCURRENCE  DATA 

Data  recorded  in  the  period  1 September  1969  to  31  August  1970,  at  Roma 
(Lesotho),  appear  in  this  Appendix.  Crosshatched  areas  refer  to  times 
of  no  observations  due  to  equipment  failure. 
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SIGNAL  STRENGTH  PBM) 


55 


34  MHz 


40  MHz 


45.]  MHz 


- 65  - 

- 75  . 

- 85  - 

- 95  . 

- 105  . 

- 115  _ 

- 126  ^ 

1 September  1969 

m 

- 

- 

1 September  196 

, r JUI 

9 ^ 

m 

• 

r 

1 September  1969 

1 1 1 r~i 

i 1 

T 

1 1 1 r"  r 

- 65  - 

2 September  1969 

2 September  1969  - 

2 September  1969 

- 75  „ 

- 

- 85  - 

- 

— 

- 95  . 

- 

- 

- 105  - 

- 

- 

- 115  . 

1 

- 125  - 

1 1 1 1 1 

1 1 1 1 — 

I 1 1 1 1 

- 65  - 

3 September  1969 

3 September  1969  * 

3 September  1969 

- 75  - 

- 

- 85  - 

- 

- 

- 95  - 

- 105  . 

- 

- 115  . 

- 

III  1 ll 

- 

- 125  „ 

IJ 

" ' 1 I 1 1 1 

T 

' r ' 1 1 1 I" 

- -65  - 

4 September  1969 

4 September  1969  - 

4 September  1969 

- 75  . 

- 

- 

- 85  . 

. 

- 95  - 

- 105  - 

• 

- 115  . 

m 

- 

- 125  , 

1 1 1 1 » 

1 1 1 1 

T 

1 1 1 1 — 1 

0 4 8 12  16  20  24  4 8 12  16  20  24  4 8 12  16  20  24 

LOCAL  TIME 


Fig.  32.- 34,  40  tnd  46.1  MHt  Rietption  tt  Homt 
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I 


END 

DATE 

nUKO 

6 -78 

0OC 


/VO-A054  193 


UNCLASSIFIED 


2»2 

^%64i9a 


UNIVERSITY  OF  BOTSFANA  LESOTHO  AND  SWAZILAND  ROMA  (L— ETC  F/0  20/14 
TRANS>E9UAT0RIAL  TRANSMISSIONS  \T  VERY  HIGH  FREQUENCY. (U> 

SEP  73  EH  CARMAN*  M P HEERAN  F61052-67-C-0003 

RAOC-TR-73-3a3  NL 


MICROCOPY  RESOLUTION  TEST  CHART 

NAnONAl  BUREAU  01  STANDARDS  1963  A 


SIGNAL  STRENGTH  PBM) 


34  HHz  40  HHz  45.1  MHz 


- 55  , 

- 65  - 

- 75  - 

- 85  ^ 

- 95  , 

- 105  ^ 

- 115  . 

- 12S  . 

5 September  1969 

5 September  1969 

■ 

m 

I: 

5 September  1969 

— 1 1 1 1 1 

1 1 1 1 

1 1 1 1 1 

- 65  - 

6 September  1969 

6 September  1969  - 

6 September  1969 

- 75  - 

m 

- 

- 85  - 

. 

- 

- 95  - 

- 

> 

- 105  - 

- 

- 

- 115  . 

- 

il  - 

- 125  - 

Ul 

1 1 1 , , 

— 1 — 1 — 1 — r-" 

1 1 1 1 — 1 

- 65  - 

7 September  1969 

7 September  1969  “ 

7 September  1969 

- 75  - 

- 

m 

-85- 

- 

- 

- 95  - 

- 

- 105  - 

- 

~ 

- 115  - 

- 

1 

- 

- 125  . 

1, 

“I  1 "T”  T-  1 

— r~T — 1 — 

1 

~ r"  1 1 1 1 ' 

- 65  - 

8 September  1969 

8 September  1969  J 

8 September  1969 

- 75  . 

- 

- 

- 85  - 

. 

• 

- 95  - 

- 

- 

- 105  - 

. 

• 

- 115  , 

• 

- 125  . 

1 1 1 1 1 

— I — 1 — 1 — r*“ 

i- 

1 1 1 1 — 1 

0 4 8 12  16  20  24  4 8 12  16  20  24  4 8 12  16  20  24 

LOCAL  TIME 


Fit.  33-34.40and4S.1  UH*  Hmi»ptlon»t  Rom* 
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SIGNAL  STRENGTH  PBM) 


34  HHz 


40  HHz 


45.1  MHz 


Fl§.  34  — 34,  40ati</4B.t  MHt  liteipt/oii  at  Foma 
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SIGNAL  STRENGTH  pBM) 


55 

65  ^ 
75 

85  A 
95 

105 
115  A 
125 

65  J 
75  J 
85 
9SJ 

105  A 
115 

125 
65  ^ 

75  -1 
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